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gna Test. 


This di ; fi e 
is diagnostic test is designed to help you to pinpoint the weak areas in your 


background. Sit aside 1 hour to it 
tak i 
iti Ga Te ain: voce ¢ this test. Check your answers with those at the end 


How long would it take a car, starting from i i i i 
A q rest and 
oeaP aE tek earig tNale ar Ba and accelerating uniformly in a straight 


(a) 9.0s b) 20s 
(c)10s se 12s 


Under the influence of a force, an object of mass 4 kg accelerates from 3 m/s to 6 m/s in 
8 s. How much work was done on the object during this time? 


(a) 54) (b) 96 J 
(©) 723 (d) 275 
(3) _ Two objects have the same mass and are located sear each other at a distance (r). If the 
mass of one of the objects is doubled and the mass of the other object is tripled, what 
would be the change in gravitational attraction between them? 
(a) Decrease by 1/6 (b) increases by 5 
(c) Decrease by 2/3 (d) Increase by 6 
(4) Two vectors A and B are acting as shown in figure. If |4| ON then the resultant is 
TON, 
50" 
JON 
(a) 10/2 (b) 5V3N 
(c) 5N (d) 10N 
(5) A man lifts a body to a height of 1m ii 30s. An other man lifts the same mass to same 
height in 60s. The work done by them is in the ratio 
(a) 1:2 (b) 1:1 
(c) 2:1 (d) 4:1 
(©) Fora particle moving in uniform circular path 
(a) both velocity and acceleration are transverse 
(b) both velocity and acceleration are radial 
(c) velocity is transverse and acceleration is radial 
(d) velocity is radial and acceleration is transverse - ; 
(7) A source of sound frequency 600Hzis placed inside the water. The speed of sound in 
water is 1500ms” and in air it is 300ms"'.The frequency of sound recorded by an 
observer who is standing on air is 
(a) 3000Hz (b) 900Hz 
(c) 600Hz (d) 510Hz 
(8) Asun electron moves through magnetic field the magnitude of force on electron 
(@) decreased (b) increased 
(c) remains same (d) can’t predicted 
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 , 


How are the electrons produced in a cathode ray tube 
(a) by applying an electric field to the x plates 

(b)by heating a metal filament 

(c) by ionization of the air 


(d) by radioactive decay , 
The time of a flight of projectile is 4sec. After 1 sec it moves an angle of 45°. its angle of 


(10) 
projection is 4 

(a) tan’(2) (b) tan”"(4) 
(d) tan‘(2/3) 


(©) tan"'(1) ‘ 
A stone A is dropped from the top of tower of height of 40m. At the same time another 


oy stone B is projected from the bottom of the tower with an initial velocity such that the 
stones collide midway. The initial speed of second stone B is 
(a) Sms" (b) 20ms ; : 
(c) 1Sms™ (d) 10ms" 


(12) Angle between A x B and Bx A is: 


haxa * 
@)x (b) 2x 
(c)w6 (d) none of these 
(13) The value of e/m for Positiyeraysis 
(a) > e/m of cathode rays (b) <e/m for cathode rays 
(c) equal to e/m of cathode rays (d) none of above 


(14) The equation represent actinium decaying to thorium 
ssAc™” —y9 Th” + Y , Which particles does Y represent 


(a) alpha (b) beta 
(c) gamma - (d) neutron 
(15) Allof the following are unit of energy except 
(a) erg (b) kilo watt 
(c) joule (d) kilowatt hour 


(16) One of the rectangular components of a force is 10N maki i 
Te ccchecn: making an angle of 60 with force. 
(a) 17.1.N b) 14.1N 
_ () 17.3N es 20N 
The height at which the acceleration du it 
h le to gravity becomes hi = the 
acceleration due to gravity on the surface of the earth) in terms oe hs radice of the 


earth, is 

(a) R/2 R 
fb) =. 
(b) 7 

(©) V2R (4) @2R 


(18) When an A.C source is conn 
. lected ac i 
(a) current leauls the voltage in phase pete ge 
(b) current lags behind Voltage in phase 


patie and voltage are in same phase 
any one of above may be trug ig tr 
AIRY resésten 
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(19) 


(20) 


Ql) 


(22) 


23) 


(24) 


8) 


(26) 


@7) 


(28) 


Which of th, Diagnostic Test 
ich of the following d ‘ 
(a) electric field applied indiceionor th motion of moving electron 
(b) Mag. Field applied indirection of motion 
(c) electric field Perpendicular to direction of motion 
iY bes field Perpendicular to direction of mation 
stone is released from a balloon movin; i i 
of the followi ‘ ig Upward with velocity ‘v’ at height h. Which 
sone ing graphs is best representation of velocity-time graph for the motion of 
t a 
v v 
‘ @ NI » 
v v 
a, oe ‘” 
An electron is injected into a uniform magnetic field with components of velocity 
parallel to and normal to the field direction. The path of the electron is a 
(a) helix (b) circle 
(©) parabola (d) straight line 
Doppler shift in frequency does not depend upon 
(a) actual frequency of the wave (b) distance of source from listener 
(c) velocity of sound (d) velocity of observer 
Velocity of sound is greater in solids than in gases because 
(a) density. of solids is high and elasticity is low 
(b) both density and elasticity are low 
(c) density is low and elasticity is high 
(d) elasticity of solids is very high 
The dimensions of which of the following are same as that of impulse 
(a) momentum (b) velocity 
(c) force/time (d) none i is 
The distances traveled by body falling from rest in the 1°, 2" & 3™ seconds are in the 
ratio 
(a) 1:2:3 (b) 1:3:5 
(¢) 1:2:9 ‘ (d) none _ 
A ball covers a distance of 5m when Projected with a speed of 10m/s. What are the two 
possible angles of projection (g = 10m/s’) 
(a) 45°, 45° (b) 30°, 60° 
(c) 15°, 75° (d):10°, 30° 
Two bodies having K.E in ratio 4:1 and masses in ratio 1:4 have linear momentum in ratio 
(a) 1:1 (b) 1:2 
(c) 2:1 (@) 1:4 
How much the momentum of a body would increase by increasing the K.E by 300% 
(a) 50% (b) 75% 
(c) 100% (d) 150% 


SEES 
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h releases a packet. If air resistance is neglected, the 


(29) An artificial satellite of the earth 


i t will hit, will be: 
eeaiiraie the packet wil oj i) -_ 
@ tly below (d) it will never reach the iat ty 
(30) ee hoctig properties of a wave the el a aaa of othe! 
i velo 
leis (d) wavelength 


(31) apa which a ferromagnetic material becomes @ paramagnetic material is called 
(a) critical temperature my are ne 
losaationsk h within elastic limit is shown in figure of three wires A, B and C 


tion-load grap! Y jure 
Sd mada sane aaeeral and of same length. The thickest wire is : 
f A 
8 


j 2 


Elongation —> 

(a) same for all (b)C 
(c)B (A 

(33) Ifcurrent in a electric bulb drops by 1%, the power decreases by 
(a) 1% (b) 2% 
(c) 4% (d) 0.5% 

(34) Total energy of a particle performing S.H.M is directly proportional to 
(a) Amplitude (b) Square root of amplitude 
(c) square of amplitude (d) Reciprocal of amplitude 


(35) Beats are the result of : 
(a) destructive interference 
(b) constructive and destructive interference 
(c) superposition of two waves of nearly equal frequencies 
(d) diffraction 
(36) 9:08 decays through a series of transformation to a final stable nuclide. The particles 
emitted in the successive transformations are 
aBppaa 


Which nuclide is not produced during the series 
© akg 


(b) gsRa’?® 


(©) 2U™ (@) 2U™ 

G7) A young’s double slit set up for interference is shifted from water to air than fringe width 
(a) fringe width increased (b) fringe width decreases 
(c) fringe width remain same (d) fringe pattern disappears . 


(38) Two different light bulbs are in a DC circuit 
‘cuit i 
source. The two bulbs are rated at 4.5 wa fy sad eri oan neee Wine os 


resistances of the two light bulbs (B)) and (Ear ener mete vase ste 
(a) By is 2.67 Q, and By is 4.Q (b) By is 48 Q, and Ba i 
(©) By is 72, and By is 48 Q Osa woo 

(39) Ina purely capacitive circuit the current, eee 


(a) leads the emf by 1/2 
(c) are in phase e (b) lags the emf by n/2 


ry KIPS ENTRY TEST SERIES (a) both (a & c) 
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eC agnsttic Test 


(40) From the top of a tower of hei; 


ight h a particle was thrown horizontally with veloci 
12 | ly with velocity 
Qgh)”. It strikes the ground at a distance from the foot of the tower equal to 

(a)h (b) h/2 : 

(©) 2h (d) 3/2 


(41) A particle is moving is a circular path with a constant s 
in velocity after it has designed an angle of 60°is 
() V3v () V2v 
(©) (d) 3, 
2 
(42) ‘The angle of projection for which the max height and horizontal range are equal is 
(a) a (b) tan"! (1/4) 
(c) 60' (d) tan’! (4) 
(43) All of the following are examples of electromagnetic waves EXCEPT 
(a) sound waves. 


peed v. The magnitude of change 


(b) gamma rays. 

. (c) radio waves (d) X-rays. 

(44) A radioisotope has a half-life of 5 years. The fraction of atoms of this material that 
would decay in.15 years will be 


(a) 1/8 (b) 3/8 
(c) 5/8 (d) 7/8 

(45) What is the charge on an a-particle? 
(a) 1.51x19°C (b) 3.18x10°C 
(©) 4.78x10"°C @ zero 

(46), Which of the following waves have longest wavelength 
(a) x-rays (b) infrared 
(c) radio waves* (d) visible light 


(47) Two balls A and B are thrown from a running train ball A is just dropped while B is 
thrown horizontal outwards. Which of the two will reach the ground earlier. 
(a) ball A (b) ball B ‘ 
(c) both at same time (d) data is inadequate 

(48) _ A particle executing one-dimensional motion finally comes to rest what will be the angle 
between acceleration and displacement during motion. 
(a0 (b) x 
(c) n/2 (wa 

(49) E,M,L and G denote energy, mass, angular momentum and gravitation constant 
respectively. The dimensions of EL/M°G” 


(a) time (b) length 
(c)mass (d) angle 
(50) In interference pattern, energy is 
(a) created at the position of maximum (b) destroyed at the position of minimum 
(c) conserved but is redistributed (d) not conserved 


1) Two resistors In parallel have their resistances in the ration 1:3. A source is connected 
: to the combination. The ratio of heats produced in a given time in the two resistors is 
(a) 3:1 (b) 9:1 I 


Oe OSS 
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1? Magnetic field is 


inti gnetic field 
(62) Which line shows the path of alpha radiation in a magnetic 1 


directed out of the plane of paper. s 
D 
radiation a 
E 
c 
@s ge 
it di 
(53) es of 11 books weighing 2 N each is lying ona table. With what total force does the 
table push back on the books? Sa 
oan oi 10N 
(4) Oa suet have been connected as shown in figure, the effective resistance between 
Aand B is: 
30, 4a 
Ls 70 2 
en’ 80 
b) 46 ohm 
(@)260hm ( 
(c) 4.6 ohm (d) 2.8 ohm . : 4 
(85) The uranium atom »;U™* emits an a particle to become thorium which emits B particle 
to become protactinium. Whatis the atomic number of protactinium 
(a) 90 (b) 91 
(c) 89 (d) 92 
(56) A convex lens of power 4 diopter is combined with a concave lense of power 3 adopter. 
The combination will behave as a 
(a) Concave lense‘of .5m focal length (b) Convex lense of .5m focal length 
(c) Concave lense of Im focal length (d) Convex lense of Im focal length 
(57) A radioactive isotope has a half life of 2minutes. What can be deduced from this statement. 


(a) after 1/2 minute, 1/4 of the isotope remain 
(b)after | minute, 1/4 of the isotope remains 
(c) after 4 minutes, 1/4 of the isotope remains 
(d) after 4 minutes, none of isotope remains 
(58) _A boat is sent across a river with a velocity of 8km/h. 
10 km/h, the river is flowing with a velocity of 
(a) 12km/h - (b) 6kin/h 
(c) 10km/h (d) 2km/h 
(59) The displacement of a body is zero. The distance covered by it 
(a) is zero (b) is not zero 
(c) may or may not be zero (d) depends upon acceleration 
(60) A neutron of mass m moves with velocity ‘v’ at an angle of 60 to the direction of 
magnetic field ‘B’. The force experienced by the neutron is 


If the resultant velocity of boat is 


(a) B. (b) BV cos 60 
(c) BV sin 60 . (d) Zero 
KIPS ENTRY TEST SERIES 
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Measurements 


INTRODUCTION 


ela 


Physics 


“physics is an experimental science that deals with 
the study of matter, energy and their mutual 
relationship". 


Biological sciences Physical Sciences 
(dealing with living (concerned with non 
things) living things) 


Fundamental 
Sciences 


Me 
° 
. 
World of complex 
World of extremely World of extremely matted panpeaSUR + 
large things. Such as small things. Such as thie uch 2 
universe. Electrons, protons mokecules a 
The silicon chips (processed form sand) are utilized in the development of computers 
and electronic devices use to control the various systems. We create networks from 
computers, thus interconnecting various work stations with each other. 
PHYSICAL QUANTITIES 
Physical quantities are measurable quantities and the laws of physics are expressed ° 
_ _ interms of them. 
CLASSIFICATION 5 
Physical . 
Quantities * 
Su 


Base quantities could 
not be expressed in 
term of other quantities 


Derived quantities could 
be expressed in terms of 
other quantities 


2. KIPS 
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Cnapter-1 
CHAIN OF MECHANICAL QUANTITIES 


Measurements 


Restrictlons, qualifications 


With direction, displacement 
ror time gvee average 


Measurements of the quantities require the following steps. 

. Comparison of quantity to be measured with a. standard measuring tool. 

. Encoding the result of comparison in standard format containing a suitable precise 
number along with appropriate unit. 

¥ Basic quantities => could not be expressed in term of other quantities 

+ Derived quantities > based on the’ other physical quantities 

® Measurement of basic quantities requires the choice of standard. 
Ideal standard should be accessible & invariable. 
Prior 1960, three measuring systems were in 
practice. 


Do you know? 


Ideal standard measuring tool 


CGS System (centimeter, gram, second) 
FPS System (foot, pound, second), or British should be fool proof via 
Engineering system. accessibility & invariability, 
MKS System (meter, kilogram, second) 
After 1960, internationally accepted standard is SI system. In system international 


(SI), there are three types of units. 
Supplementary Units 


SI Unit 
Radian 


Physical Quantity 
Plane angle 
Solid angle 


, Symbol 


Steradian 
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Chapter 1 ents 


Basic Mechanical Units 


U.S, Common 


‘S| Units (MKS) __ (CGS) 


| 
—| 
| 


Length (L) meter: (m) f 
Time (T) [ ond _ 
Mass (M) kilogram (kg) 
Velocity (UT) ms | 
Acceleration (UT?) | =i _ae 
Force (MUT?) kg mvs%Newton(N)| gm cavs% dyna _|slug vs pound) 
Work (ML2/T) Nm=joulo() | dnecmmerg | tite fio 
Energy (ML) [joule | ia tip 
| Mt Ibvs 


Power (ME/T?) [ys = watt (W) 
Note: Many other derived units are also used for other derived quantities. 


SCIENTIFIC NOTATION » ie: . 
The standard to express the number in term of power of ten is called Scientific notation, 


Some standard prefixes for power of ten with their symbols are presented below: 
Factor’ Prefix Symbol : 


Do you know? 
There should be one non-zero digit to 


the left of decimal in scientific notation. 


The difference between standard and experimental values is error. 

Classification of Errors 

. Assignable Errors (systematic errors) 

. Un assignable Errors (Random errors) 

Assignable Errors 
The errors to which we can assign a cause usually they follow same trend of 
variations so a cause can be assigned to them e.g. Errors occurring due to the L.C 
of the measuring instrument. 

Remedy 

Such errors can be controlled experimentally while carefully monitoring the 
measurement process, 

Un Assignable Errors 
To which we can’t assign a cause because they do not follow a trend. So these 
errors are due to unknown causes, 


Remedy , 
These errors can’t be controlled experimentally, but a statistical tool of taking average of 


several values is employed to minimize them, 
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SIGNIFICANT FIGURES 
Uncertainty in the measurements leads ‘us to establish 
some standard to write the numerical value of a 
ee eee termed as significant figure. 
“In any measurement, all the accurately kno 
digits and the first doubtful digi i ie 
pone em igit are named as 
Rules of significant figures 


In order to determine significant figures in a number 
we must follow the following rules: 


(1) All the non-zero digits are significant figures, 
For Example: 
3.456 has four significant figures. 
12.3456 has six significant figures, 
(2) | Zeros between non-zero digits are significant, 
For Example: 
2306 has four significant figures. 
20,0894 has six sighificant figures, 
(3) Zeros locating the position of decimal in numbers of magnitude less than one are 
not significant. 
For Example: 
In the 0.2224 and 0.000034, zeros are not significant. 
(4) Final zeros to the right of the decimal point are significant. 
For Example: 
3.0000 has four significant zeros. 
1002.00 has four significant zeros. e 
(5) Zeros that locate decimal point in numbers greater than one are not significant. 
For Example: s 
30000 has only one significant figure. 
120000 has two significant figures. 
Algebra with Significant Figures 
(i) Division and Multiplication 
4.54%2.324 an answer having maximum ): = 


) 1.3365 ic alae of three digits can be retained here 


D Do you know? 


Greater the significant 
figures in a 
measurement the more 
accurate it is 


an answer having maximum )- 3 


0) 4.3458 x 2.7 = 11.73366 = ats digits can be retained here 


° The factor having the smallest number of significant figures is called least accurate 
factor, and product and quotient cannot have number of significant figures more 
than that in the least accurate factor. 

(ii) Addition and Subtraction 
Search for the least number of decimal places, counting the number of 
significant figures is not required. For example: 

(an answer having maximum 


(a) 4.3454 23.51 = 27.855 = )=2786 


\ of two decimal places 
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Measurements 
Chapter-1 r 
‘an answer having i 100.2 
of one decimal place 


(b) 101.2401-1.0=100.2401 -( 


ing no 
an answer having )-t00 


(c) 101.2401-1= 100.2401 -( dsclinal place 


ROUNDING OFF DATA 


Rule # 1: hes ae . 
ifthe digit to be dropped is greater than 5, then add "1" to the last digit to be 


retained and drop all digits farther to the right. 
Seer eaaed off to 3.68 if we need three significant figur’ 
3.677 is rounded off to 3.7 if we need two significant figures in measurement. 
#2: bate . 
ee aa to be dropped is less than 5, then simply drop it without adding any 
number to the last digit. 
For example: : 
6.632 is rounded off to 6.63 if we need three significant figures in measurement. 
6.632 is rounded off to 6.6 if we need two significant figures in measurement. 
Rule # 3: - 
If the digit to be dropped is exactly 5 then: 
(A) If the digit to be retained is even, then just drop the " 
For example: 
6.65 is rounded off to 6.6:if we need two significant figur:s in measurement. 
3.4665 is rounded off to 6.466 if we need four significant figures in measurement. 
(B) If the digit to be retained is odd, then add "1" to it. 
For example: 
6.35 is rounded off to 6.4 if we need two significant figures in measurement. 
3.4675 is rounded off to 6.468 if we need four significant figures in measurement. 
S Spee is an even number 
-05 is rounded off to 3.0 if we nee igni: i 
PRECISION & ACCURACY < two significant figures in measurement. 
Precision 


in measurement. 


rretin of a measurement is determined by the least count of the instrument or 
levice, 


Smaller the least count of instrument, more 
Accuracy 


The accuracy of a measurement di 
: ; lepends upon the i 
uncertainty in the measurement, o ee een 


Smaller the Percentage error, more accur; 
uncertainty is equal to one least count of thi 
Assessment of Total Uncertainty in the Fi 


Total uncertainty in the final result can 
. In case of addition and subtraction 


Precise is the measurement. 


ate is the measurement, Maximum absolute 
¢ measuring instrument, 

inal Result 

be determined by the following rules: 

absolute uncertainties 

pee ene are to be added. 

. In case of multiplication and division fractional or Percentage errors to be added. 

. For power factor the Power is multiplied with the percenta; ae 


ge Uncertainty. 
zone.com 
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Measurements 


For example: In the equation w = kx”, a x percentage error in x, where k is constant 
of proportionality. 
Uncertainty in the average value of many measurements of the same quantity is the 
mean of absolute differences of measurements form the average value. 

. For time measurement, uncertainty is obtained by dividing the least count of the 
timing device with the number of vibrations. 


Do you know? 
Counting more number of vibrations 


can reduce the uncertainty in the 
timing experiments. 


DIMENSIONS 
Each basic measurable physical quantity is represented in term of base quantities by 
a specific symbol for them written with in square brackets is called dimension. 

. The dimensions are helpful in- 

+ Deriving a possible formula 

+ Checking the homogeneity of a physical equation or formula. 

Limitations of Dimensional Analysis 


. Dimension analysis has no information on dimensionless constants. 
° If a quantity is dependent on trigonometric or exponential function, this method 
cannot be used: 


* In some cases, it is difficult to’ guess the factors while deriving the relation 
connecting two or more physical quantities. 
5 This method cannot be used in an equation containing two or more variables with 


same dimensions. 


ne 
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Q) 


@) 

© 
©) 
(6) 
” 


(8) 


A nanosecond is: () 107s 
J 
9 104 wummied 
The dimension of energy density is same “b) Tones 
ony y (d) acceleration 
c) (vel y 
yy. g 
ise ser e0! 
tO 5x10” (@) 1510 
at i ity is the pascal a unit 
For what physical quantity is the pa oe 
Wars all of these 


(c) Young’s modulus 
i i essed in 
scientific notation numbers are exp! 
a power of ten (b) powers of two 


(c) reciprocal =a . (d) decimal 
1024 can be written in scientific notation as 


0 
leF1.024x10? (b) 2" 

(c) 0.000976 (d) 1/0.00097 

x deca represents 4 

Gs ze (b) 10, 

©) 10° (d) 10" 

‘The error in measurement may occur due to 

(a) inexperience of a person (b) the faulty apparatus 

(c) inappropriate method (df due to all reasons ina, b andc 


The uncertainty in a measurement may occur due to 
(a) limitation of an instrument 

(b) natural variation of the object to be measured 

(c) inadequate technique 


yy —@) all given in a, b and c 
(10)/ Random errors can be reduced by 


(iy) 


(12) 


(a) taking zero correction 
(b) comparing the instrument with another more accurate one 


\GeF taking mean of several measurement 


(d) all methods explained in a, b andc 
In any measurement the significant figures are 
(a) all accurately known and all doubtful digits 
(b) only accurately known digits 
(c) only doubtful digits 

all accurately known digits and the first doubtful digit 
Sar eiee in a measurement 

may be significant or may not be significant 
(b) always significant 
(c) always insignificant 
(d) significant only if left to a significant figure 
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(3) Number of significant figures in 0.0173 are 


(ay three (b) four 
(c) five (d) two 
O) Smaller the least count of the instrument more is the measurement 
“ (a) accurate \_(b) precise 
(c) accurate and precise (d) none of these 
(15) The number of significant figures in 15.0 is/are 
(a)2 (b) 6 
=) (Il ays 


16) What comparing systematic and random errors, the following pairs of 
properties of errors in an experimental measurement may be contrasted: 
P,: error can possibly be eliminated 
P2: error cannot possibly be eliminated 
Qi: error is of constant sign and magnitude 
Q:: error is of varying sign and magnitude 
Ri: error will be reduced by averaging repeated measurements 
Rz: error will not be reduced by averaging repeated measurements 
Which properties apply to random error? 
(a) Pi, Qi, Re P2, Qa, Ri 
(c) Pi, Qo, Re (d) Pa, Qu, Ri 
(17) Dimensional analysis is helpful for 
(a) deriving a possible formula 
(b) checking the homogeneity of a physical equation 
(©) verification of laws r 


ayonly aand b are correct 
(18) Which equation is not dimensionally correct? 
(a) E=me (b) VeVitat 


USs=ve @S=5 at 
19) SI unit of coefficient of viscosity is 
@ (a) kg.m.s™ % OE 
<©kg.ms (@) kg" 
(20) Three students measured length of a needle with meter rod and recorded as: (i) 0.2145m 
(ii) 0.21m (iii) 0.214m. Which one is correct record? 
(a) only (i) only (ii) 
(©) only (iii) (d) both (i) and (ii) 


1 ii I to 
@ ouearpeen ww sxt0%ee 
(©) 9.5x10°Km (4) 9.5x10"%cm 


oton of light of frequency fis given by hf, where h is the 


(22) The energy of a ph u 
@ Planck ‘constant. What are the base units of h? 5 Js ie “2 
\@yke ms (b) kg ms oNms Ts “= 
(©) kg m? s? @kgm's”  Yams-?s hms 
(23) Steradian is the SI unit of gets 
(a) plane angle oy Solid angle begs” 


(c) both plane angle and solid angle (d) neither plane angle nor solid angle 
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(24) Which pair has same dimension 
Work, torque ° ee pee 
(c) energy, torque all are corres , 
(25) he aerials in result obtained from the subtraction of two measurement, is equal to 
‘sum of their absolute uncertainties 
(b) difference of their absolute uncertainties 
(c) product of their absolute uncertainties 
(d) division of their absolute uncertainties 
(26) Which one is the highest power multiple? 
(a) giga peta 
(c) mega (d) deca 
(27) One femto stands for - 
\ayto's (b) 10 
(c) 10° (d) 10° ae 
(28) Percentage uncertainty in radius r is 2%, The percentage uncertainty in volume of 
sphere is mn 
varie jak (b) 6% 
a (0) 8% (d) 9% eae . 
(29) The unit of force is and its symbol is . Which is the correct pair? 
(a) Newton, n (b) Newton, N : 
(c) newton, n \fd)newton, N 
(30) Which quantity has different units from the other three? 
(A) Weight “on (c) The Young modulus * area 
(c) Rate of change of momentum [= + Apr Density = volume * velocity 
(31) Which oneis the derived quantity in‘SI units? 
\(ayelectric current (b) electric charge 
(c)mass (d) amount of substance 
& Which one is the correct representation of the unit of pressure? 
(a) Newton/Meter” newton/meter 
(c) Newton/meter* (d) newton/Meter® 


In an experiment to determine the acceleration of free fall g, the period of 

oscillation T and length ¢ of a simple pendulum were measured. The 

uncertainty in the measurement of ¢ was estimated to be 4% and that of T, 1%. The 
2 

value of g was determined using the formula g = = = F 


What is the uncertainty in the calculated valug for g? 

(a) 2% 6% 

(c) 5% (d) 8% 

Which experimental technique reduces the systematic error of the quantity being 
investigated? 

(af Adjusting an ammeter to remove its zero error before measuring a current 

(b) Measuring several inter-nodal distance on a standing wave to find the mean inter-nodal 
distance 

(c) Measuring the diameter of a wire repeatedly and calculating the average 

(d) Timing a large number of oscillations to find a period 
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Measurements 


5) In multiplication and division of measurement 
\(@) percentage uncertainties are added (b) absolute uncertainties are added 
(c) percentage uncertainties are divided (d) absolute uncertainties are divided 
(36) The number of significant figures in 5.400 are 
(a) thee (b) five 
ko two Uh four 
@& Which of the following could be measured in the same units as force? 
(a) Momentum * distance (b) Energy x distance Nimm 


(c) Energy/time \(dyEnergy/distance 


(Gi) The number of significant figures in the length of a bar 9800mm measured by meter rod are 


(b) three 
(oktwo (d) none of these 


(39) Aradiovaerial of length L, when the current is I, emits a signal of 


wavelength 4 and power P. These quantities are related by 


Ly 
=kP |= 
a€ 


Where k is a constant. What unit, if any, should be used for the constant k? 


(a) Volt (b) watt 


(c) ohm (d) No unit 


(40) Which of the following is not a cor! 
(a) Imm (b) 10km 


\(c}1000um (d) both “a” and “b” 
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INTRODUCTION 


Physical Quantities 
( A property of the matter 
associated with 

measurement) 


Scalar quantity 
(having magnitude but no 
direction) 


Vector quantity 
(having magnitude as well 
as direction) 


COMPARISON OF SCALAR AND VECTOR 


Particulars Scalars Vectors 
Definition. Non-directional physical quantity | Directional physical quantity 
Examples | time, volume, work & flux Displacement, velocity & torque 
Representation | Numerical value ‘Numerical value 
requirements | Proper unit Proper unit 
Direction 
Subtraction | By simple arithmetic rules ‘By special rules 
Addition By simple arithmetic rules By special rules 
Multiplication | By simple arithmetic rules ‘By special rules 
Division By simple arithmetic rules Not possible 


Modulus of a vector: It represents only the magnitude of a vector, i.e., absolute numerical 
yalue of the vector. It gives no information about direction of the vector. 


Ifa =(SN)(East), 6=(-SN) (West) then a#b but — [a|=|6]=5N 

s A vector does not change: (i) When a vector is displaced parallel to itself anywhere 
in space. (ii) When a vector is rotated through an angle 0 keeping its tail fixed such 
that @=2nn where n= 1, 2,3 


* A vector changes. when: : ‘ t 
only, i.e., angle of rotation of a vector is not an integral multiple of 2n. (iii) Both 


magnitude and direction change. - ; 
: Angle between two vectors: It is measured only when their tails or heads are at 


the same point. 


correct 
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VECTOR REPRESENTATION 


Symbolic 
representation 
Bold face representation 


STEPS TO REPRESENT VECTORS GRAPHICALLY 


VECTORS 


Graphical 
representation 


Arrowhead representation 


Do You Know? 
Angular representation of vectors involves 


measurement of angle with positive x-axis in 
anticlockwise sense. 


Representation 
Drawa line of selected Put an arrowhead in 
Select suitable scale magnitude according the direction of vector 
to scale to be represented. 


Rectangular Coordinate System 


Two-dimensional 


It consists of two mutually perpendicular intersecting lines, called x-axis and y- 
axis. One angle is enough to specify the direction of a vector in two-dimensional 
coordinate system. 

Three-dimensional 
It consists of three mutually perpendicular lines called x-axis, y-axis and z-axis. 
The direction of a vector in three dimensional rectangular coordinate system is specified by 


three angles making with x, y and z-axis respectively. 
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P (a,b,c) 
x 0 


y' 
Origin 
It is the point of intersection of mutuall i ines i i 
ly perpendicular lines in rectangular coordinate system. 
ADDITION AND SUBTRACTION OF VECTORS : , 
. We can add and subtract vectors by head to tail rule that states: 


“If vectors are arranged in sucha way that tail of each next vector join with the head 


of its preceding vector, then the resultant is obtained by joining tail of first vector with 
the head of last one.” 


GRAPHICAL VECTOR ADDITION 


Adding two vectors A and B graphically can be 
visualized like two successive walks, with the vector 
sum being the yector distance from the beginning to 
the end point. Representing the vectors by arrows 
drawn to scale, the beginning of vector B is placed 
at the end of vector A. The vector sum R can be 
drawn as the vector from the beginning to the end 
point. = 


The process can be done mathematically by finding 
the components of A and B, combining to form the 
components of R, and then converting to polar 


form. (R,0) 


TYPES OF VECTORS 


Resultant Vector 
It is a single vector that has the same effect as all the vectors to be added. 


Unit Vector 


It has magnitude 1 and direction of it is along the given vector. It is obtained by 
A 


dividing the vector with its magnitude i.e. A= 


“A unit vector has no dimensions and it is unitless. 


Some commonly used unit vectors are 
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y-axis 


i - unit vector along x-axis 
7 - unit vector along y-axis 
k- unit vector along z-axis 
r- unit vector along position vector 


n- unit vector along normal 
(perpendicular) 


Zero Vector or Null Vector rani | 
It has magnitude zero and arbitrary direction. Its symbol is O and used as vecto; 


identity for addition. 


Negative of a vector 
IN T/ © 


It is a vector of same magnitude but has PO 
opposite directione.g. A PONDER 
zero to null vector. 


We cannot add 


Equal Vectors ee) ees 


Vectors having same magnitude and same direction are said to be equal vectors, 


Parallel Vectors 
The vectors that have only same direction are called parallel vectors 


Anti parallel Vectors 
The vectors that have opposite direction are called anti parallel vectors. 


Position Vector 
It represents the position of a point with respect to a origin in a coordinate system, 


Its symbolis 7. 
In two dimensions, 7 = ait bj 
In three dimensions, r = ai +bj +ck 


MULTIPLICATION OF A VECTOR WITH A SCALAR (NUMBER) 


° Resultant remains a vector 

° Magnitude may or may not be changed as number can be 1 or >1. 

. Direction may or may not be changed, as number can be positive or negative. 
. e.g. if number = n & vector = A , then after multiplication 


New vector =nA 


Magnitude = n times the magnitude of A ie.nA 


Dimensions of ae 5 . . 
RESOLUTION OF A VECTOR vector are also multiplied to give the dimension of new vector. ; 
. 


Reverse process of addition of vectors, 
. Replacing single vector by two or more than two vectors. 
Vectors obtained by resolving a vector are called eee ae 
Component of a vector is its effective value in the stated dir ‘a 
. Minimum possible components of a vector are two, a 
. Maximum possible components of a vector are infinite. 


KIPS ENTRY TEST S| 
wicca www.educatedzom : 7 


Chapter-2 


RECTANGULAR COMPONENTS OF A VECTOR 
3 Components of vector which are mutual 
” To apply simple trigonometric for, 

mutually perpendicular component; 


Vectors and Equilibrium 


ly perpendicular, 


mulae we iesolye vector in a plane into two 
8 called rectangular components e.g. 


eis 
Ay= c 
‘ Direction of components is governed by angle 0’, 4 Ay 
DETERMINATION OF A VECTOR FROM RECTANGUALR o i 
x-axis 
COMPONENTS: Ay 


Squaring and adding (i) and (ii), their simplification yields. 


lA J42+4,? —— (Cos?6+Sin29=1) 


For direction dividing (i) and (i) 


A, 
6=1an" (+) 
A, 


ADDITION OF VECTORS BY RECTANGULAR COMPONENTS poYou know Miia 


. Let resultant of two vectors A and B be R. Its magnitude is y-anis, 
given as 


2 2 
R=y(R) +(8)) 
Where 
Rx = Ax + Bx 
Ry = Ay + By 

% Direction of the resultant vector is determined by 


8= tan! (=) 
R, 


i For any number of vectors the magnitude of the resultant 


=sinai+cosa} 


A 


(Sine positive) | (All positive) 


T. Cr os 
(Tan positive) | (Cds positive) 


Remember following diagram- 
Keeping in mind the conventions for 
calculate the angle using the table below: - 


measuring angle of resultant vector, you can 


17 
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ice 
Angle Angle calculated a 
Situation Quadrant atculated 
Rx — Positive 1st gets Ry 
Ry — Positive R, 
Rx — Negative 2rd tar! R,| 
Ry > Positive a | leave 
i =180°+ 
Rx — Negative oe tant e=1 9 
Ry — Negative ¢= i 
R, — Positive an + dll R,| 0 =- or 8 =360°-> 
R, + Negative @=tan z 
. This law is applicable only when tails of two vectors are at same point. 
. In case of parallelogram law from two co-initial vectors we should make a parallelogram whose 


diagonal represents the resultant of these two vectors. 


a beosd E 
. Using Phytagorous theorem in right angled triangle DOE: We get: 
c*=(atbcos0)' +(bsind)* 


=a’ +b’cos’@+2abcos0+b'sin’?0=a? +b? (cos*6+sin'6)+2abeos® ~. cos6+sin?0=1 


?+b'+2abcosd OR — c=va"+b?+2abcosd 
. |c|=Va? +b? +2abcos0 


If a (magnitude ofa) and b (magnitude ofb) are constant and 8 varies then c will also vary 
because cos @ varies. 


¢ will be maximum when cos @ = +1 i.e. @ = 0°, 


Thus Cy. = y(a+b)’ or Cig =[a+i] 
¢will be minimum when cos 0 =—1 ie, ®= 180°. Thus, 
nin = y(a—b)? or Cay =h-4| 


Hence, resultant of two vectors a and B can vary between Cray and c, 
. For subtraction 


f= va? +b? —2abcos6’ 
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If product of two vectors is a scalar, 
is called scalar product or dot product. 
AB = AB cos 0, 

Example of dot product 
Work (scalar quantity) is dot product of 
force and displacement vector, 


Characteristics of scalar product 
Let us consider two vectors A 


then it 


DO YOU KNOW THIS 


paar and B to elaborate 

Scalar product holds commutative law i.e. 

AB = BA Acos@ iB 
. It holds association law i.e. 


Component of A along Bis 
Acos0=A. 


mAnB=nA.mB = mn AB (m and n are numbers) 
+ If AB = 0 means 0-90" or [A|=0 or |i|=0 or both 
vectors are zero vectors. 


. For unit vectors i, jk Do You Know? 
Scalar product of two parallel 
+ To find/angle between twoivector to’be vectors is equal to the produet of 
multiplied, their magnitudes only. . 


eae A,B, +A,B, + A,B, 
AB 


b The result of product of two equal vectors 
is equal to the square of their magnitude. 
(Self scalar product). 
AA= A. 

VECTOR OR CROSS PRODUCT 
If product of two vectors is a vector, then 
itis called vector product 


n7/O) 


Ol 
PONDER 


Is a Current (1) scalar quantity or Vector 
quantity? 


AxB = AB sind n 
where jis normal to the plane containing vectors A and B. 
Characteristics of vector product ; 
: Cross product does not obeys commutative law 


AxB#BxA han ee 

, therefore, ixi=jxj=kxk=0 
= AB f if = 90%, therefore, 7 x j 
AxB) = (mA) xB = Ax-(mB) . 
B=0 if A and B are parallel or anti-parallel vectors. 


If the direction of any vector is reversed cross product becomes i 
negative. 


4 
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= 
If both vectors are reversed no change in cross product occurs: 
. ; . i ° 
AXB=(A,B, -B,A,)i+(A,B, -B,A,)}+(A,B, ~ BA, IK 7 
OR 


ij k 5 
AxB= A, i A, a ea of parallelogram. 
BL B, B, 
* Scalar triple product gives volume 
of parallelepiped. : 
A. (Bx C)= ABC. CyB) ~ ABCs CxB) + Ae (BxCs— OPH) 
A, A, A, 
oR A.(BxC)-|B, B, B, 
ec, ¢ 
TORQUE : 
is called torque. 


‘A physical quantity, which produces angular acceleration, t 


° Dimensionally torque resembles with work. 


DO YOU KNOW? 

An inclined door ‘automatically closes 
due to the torque produced by 

horizontal component of its weight, 


Ce ae v.. 
“a Z_lHine of 
SS action 
aes ey - 
. Torque is a vector quantity. T=rxF=rFsing 7 
. Magnitude of torque is given as} 
t=rFsing 
werF if.g = 90° 
° SI unit of torque is Nm. 
. Torque is rotational analogue of force. 
e. Following factors affect torque: 


ay Magnitude of force 

(ii) | Magnitude of position vector.or distance between 
point 

(iil) Sine value of angle 0 between F and T. 

If line of action of force F passes through- axis of rotation, then no torque is 


the line of action of force and pivot 


. 
produced. 
. t=rFsiné 
OR t =(rsin@) F, 
Taek 
Where r, is component of position vector perpendicular to force and 
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n= 1 sin is called moment arm 
OR t=r(F sind) 
t=rF, 
Which shows that only 
horizontal component d. 


Vectors and Equilibrium 


of torque, 


Perpendicular component of force contributes to torque and 
ae oes nothing in case of torque. 

“ Ife= or x then r, = 0 m and F, = ON so that t= 0 Nm, 

Direction alterations ‘ 

(a) _‘If F is reversed, then direction of torque is also reversed. 


(b) If ris reversed, then direction of torque is also reversed. 


is) ” ue both r and F both are reversed then the direction of:torque remains unchanged. 


Two equal, opposite and non-collinear forces acting on a body constitute a couple. 
F : 


i F 
. Torque of a couple is never zero and t = Fd where d = moment arm of couple. 
EQUILIBRIUM 


If a body keeps its state/of rest oruniform motion invariant under many forces, it is 
said to be in perfect equilibrium. 
KINDS OF EQUILIBRIUM 


Equilibrium 


Dynamic equilibrium 
(a=0 but V0) 


Static equilibrium 
(a=0,¥=0) 


CONDITIONS OF EQUILIBRIUM 

The conditions of equilibrium can 
4 Condition of Equilibrium 

The sum of forces acting on a 
Hee zF=0 

For coplanar forces 


EF, = O and EF, = 0 
i ilibrit if body. 
* 1* condition of equilibrium controls the translational equilibrium o! ths ly. 


Explanation: Consider.a body under the action of the external 


be stated in terms of coplanar forces as follow:- 


body is equal to zero. 


fe i diagram, 
Tee pasiive ant as positive and alone ; 40N 
as negative. Similarly for Y-axis Sum (resultant) o eto = 
forces along x-axis = ZFx 4 ct nf 
IR = SN+3N+4N—7N-SN= zero st 

Sum (resultant) force along y-axis ~ =Fy | 


lpg 
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IF, = 10N — SN — SN = zero 


Sum of all the external forces on the body ic EF is zero, hence the body is in the first 
condition of equilibrium (Z = Sigma = Sum) 


2nd Condition of Equilibrium 


The sum of torques acting on a body about the same axes of rotation is equal to 


zero. Mathematically Et = 0 


Or 
Sum of anticlockwise torques = sum of clockwise torques 
© 264 condition of equilibrium controls the rotational equilibrium of the body. 


Explanation: consider a body with axis of rotation O under the action of external torques as shown 


in the Fig. The clockwise torque is taken —ve and anticlockwise torque is taken +ve. 


Clockwise torque = 10N x 2m 
= -20Nm 

Anticlockwise torque = 10Nx2m ~ 
= 20N m 


Sum of all external torques “= Et 


it 20Nm—(20 Nm) 
2m 2m 
10N 40N 


Hence the body is in the second condition of equilibrium. In such cases: 


Sum of clockwise torques = = Sum of anticlockwise torques 


DO YOU KNOW? 
Both conditions of equilibrium must be fulfilled for a body to be in 
complete equilibrium. 


Center of gravity 


Center of gravity of a body is a point where total weight of the body is concentrated. Every 
body posses a center of gravity and this is irrespective of shape of the body. It is not necessary 
that the center of gravity should be within the body, but it may also be situated.in space out 


side the body. Example: center of gravity of a ring is at the center, which is in the space. 
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Center of gravity of different objects: 

Rectangle: Center of gravity of a rectangle is at the point of intersection of its diagonals, 
Circle: Center of gravity of a circle is at its center, 

‘Square: Center of gravity of square is at the Point of intersection of its diagonals. 
Regular bar: The center of gravity of a regular bar is at its geometrical center. 


Triangle: The center of gravity of a triangle is at the point of intersection of its medians. 


a a 


Cylinder: The center of gravity of a cylinder is at the axis of cylinder. 


EHAA© 


CHOOSE THE CORRECT OPTION 


A uniform rod loaded as shown in the fig. below is pivoted at the 
point A so that it is in equilibrium. The weight of the rod will be 


1m !+—_—__ 3m ———_+ 


400N fs 100N 


(b)300N (c) 500N (@ 100N 


(a) 700N 
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Rectangular coordi is also called 
(1) ngular coordinate system is al ; : 
fs ; 7 

(a) polar coordinate system (b) Cartesian coordinate syste! | 


: f ti 
(c) cylindrical coordinate system (d) spherical coordinate system | 


(2) The direction of a vector in space is specified by 
(b) two angle 


(d) no angle 


(a) one angle 
(c) three angle 
(3) Addition of vectors obey 
(a) commutative law 
(c) associative law 
(4) Which of the following statement is correct about force and velocity 
(a) force and velocity both are scalars \(b) force and velocity both are vectors 
(c) Force is scalar and velocity is vector (d) force is vector and velocity is scalar 
(5) Avector S of magnitude 6 and another vector T have a sum of magnitude 12. The vector 7: 
(a) may have a magnitude of 20 
\(b) must have a magnitude of at least 6 but no more than 18 


(b) distributive law 
(dyall given laws in a, b and c 


(c) must be perpendicular to S 


(d) must be perpendicularto the vector T o' 
(© Cosdi +Sindj isa 
wd . 

(a) vector 


(b) position vector : 

(c) vector in the direction at angle 0 with x-axis 

(d) unit vector in the direction at angle 0 with x-axis 
(7)) Maximum number of rectangular components are 


(a) one (b) two 

(eY three \tdy infinite 

(8) Maximum number of components of a vector may be 
(a) one (b) two 

(c) three ‘4d infinite 


(9) Which one is not correct for a vector A =2i+ v2] 
(a) has direction 0=45° with X-axis 
(b) has magnitude 2 
(c) has magnitude 2 and direction 0=45° with y-axis ' 
\(d) has magnitude -2 
(10) The resultant of two forces of equal magnitudes is also equal to the magnitude of the 
forces. The angle between the two forces is 
(a) 30° (b) 60° 
(c) 90° @ 120° 
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(uy) If] A+ BP =A? +B?, then 


he a 
a A and B must be parallel and in the same direction pe Re a? id g 
the angle between A and B must be 90° 
90' fit 
_ Zp KK Zz 


(©) A and B must be parallel and in opposite directions 


(d) none Zz 
(2) If] A- B|=A +B and neither A nor B vanish, then e (6, 


(a) A and B are parallel and in the same direction = 
(b) the angle between A and B is 60° 
(c) A and B are parallel and in opposite directions 


COR is perpendicular to B 
(13) “Two vectors A and B are making angle @ with each other. The scalar projection of 


yector B on vector A is written as 


AB AB 
@ = ) AB 
(©) A.cos 0 (d) both a and b are correct 
(14) Two vectors are A = 31+2j—k and B= 31-2] +K then 
(a) Bis anti parallel to A (b) Bis inclined at 60° with 
(c) B has negative magnitude (@ Bis perpendicular to A 
(15) Let V=(2.00m)i + (6 00m), 3G.00myk. ‘The magnitude of V is 
(a) 5.00m, A (b) 5.57m 
(7.00m : (d) 742m 


‘When drawn with their tails at the same 


+B is: 


(16) Vectors A-and B each have magnitude L. 
point, the angle between them is 30°, The value of A f 


Rp 
(a) 2L? ; oy BE 
5 @L? (d) zero 
17)” Which one is not.a correct relation? ts 
(a) AxB=AxB uby [Ax —[Bxal 


(© AxB = ABSinOn (é) Bx A =Assino(-1) 
(18) The value of 7¢ (jx 3) 
@o ° (b)3 
Ue) +1 (d)-1 : 
(19) Resultant of which of the following may be equal to zero 
(a) 10.N, 10 N, 35 N (b) 10.N, 10N, 25N 
(c)ION, 10N, 10N 
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isav ich has rer 
CO venta eve (b) no specified direction : 
(a) zero magnitude (d) both a and b are not correct 


en 


(22) 


(23) 


(25) 


(26) 


Q7) 


(28) 


~(¢y both a and b are correct 
Which one is a unit vector? 


(a) V3i+ V3}4+V3K 


Ae 1s le 
WEBB 


(d) both b and are correct 


i - : 
A iks from A'to C, C to D and D to B (as shown in figure). The magnitude o} : 
man walk . salar 
is i travelled by the man i 

displacement of man is 10 m. The (otal distance travel 


A 8 
(a) 10m re ae 
7m 
i magnitude of cross product of two vectors is equal to the dot product between them. 
The angle between the two vectors is . 
(a) 30° 0B) 45° 
(d) 180° 


(c) 60° | 
An. airplane flies 400m. due north and then flies 300m south and then flies 1200m 


upwards. The net displacement is 
(a) 1500m (b) 1200m 
Xe) 900m (4) 700m 
A child takes 8 steps towards east and 6 steps towards north. If each step is equal to 1 
cm, then the magnitude of displacement is: - 
(a) 14m (b) 0.1m 
(c) 12m (d)0.01m 
For a body to be in equilibrium under the combined action of several forces: 
(a) all the forces must be applied at the same point 
(b) all of the forces form pairs of equal and opposite forces 
(c) any two of these forces must be balanced by a third force 
“(dj the sum of the components of all the forces in any direction must equal zero 
Torque acting on a body determines 


(a) acceleration (b) linear acceleration 

(c) angular acceleration (d) direction of motion of the body 
The dimension of torque 

(2) [MLT"} (b) (ML?T}} 

(© [ML’T] (d) [ML?T] 
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Q9) 


(30) 


G1) 


(2) 


83) 


(G4) 


(35) 


A body will be in complete equilibrium when it is 
(a) Ist condition of equilibrium 

(b) 2nd condition of equilibrium 
s(eyboth 1 and 2" condition of equilibrium 

(d) impossible 

Three identical uniform rods are each acted upon by two or more forces, all 
Perpendicular to the rods and all equal in magnitude. Which of the rods could be in 


static equilibrium if an additional force is applied at the center of mass of the rod? 


4 Hf tL — ‘! t 


tisfying 


z 2 3 
~a) Only 2 (b) Only 1 
(©) Only 3 (d) Only 1 and 2 
Three coplanar forces acting on a body keep it in equilibrium, They should therefore be 
(a) concurrent 1 (b) non concurrent 
(©) parallel (d) non parallel 
A.uniform rod loaded as shown in the fig. below is pivoted at the point A so that it is in 


equilibrium. The weight of the rod will be 
Ke! m—> !<———_. 3m ———+| 


A 


400N < 100N 


(a) 700N (b) 300N 
(©)500N° , Md 100N 
A central force is that which 
(a) can produce torque 
\Bbycan’t produce torque 
(c) some time can produce torque some time can’t 
(d) has no relation with torque 
It is easier to turn a steering wheel with both hands than with a single hand because 
(a) accelerating force increases on the wheel 
(b) two forces act on the wheel 
(c) two hands provide firm grip 
\(@y couple acts on the wheel = 
A force of 10N is acting along y-axis. Its component along x-axis is 
\a@yzero (b) 10N 


(100N @)5N 
’ ae 


s 27 


KIPS ENTRY TEST SERIES 


www.educatedzone.com 


vectors and Equilibrium, 


(36) 


hapter-2 
‘The unit veetor in the direction of veetor A= 2i-2)+K is 
(a) 2inaivk (b) 2i-2)+k 
: + ie. 
oye « anak 


a ro Aman moves on a cycle with a velocity of 4km/h, the rain appears to fall upon him with 


(38) 


G9) 


(40) 


a velocity of 3km/h vertically. The actual velocity of the rain is ps 
(@ 7km/h <Woy'5 km/h : 
(© 10km/h (d) 15 km/h ae 
In which quadrant only, value of ‘tan’ will be positive? : a zc 
(a) first (b) second 

\(ythird (d) both 1° and 3 
Ifd=A,i+A,j+Ark and B=B,i+B,j+B,k then 

\@VA 0B = A,B, + AB, HB, (b) 4. B=A,By + A,B, + A.B, 
(©) A. B=A,B,+ A,B, +A,B, @) A. B=A,B,+ AyBy + ABy 
The cross product of two vectors is zero when 

\(ay they are parallel vectors (b) they are anti parallel vectors 
(c) they are perpendicular vector (d) both a and b are correct ° 
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INTRODUCTION . 
The concept of state of motion and rest are described relative to the Observer, 


. Ifa body does not change its state w.r.t surroundings, it is in the state of rest, 
. If a body changes its state w.r.t surroundings, then it is in the state of motion, 


A moving body can.posses both states of rest and 
motion, depending on the observer. 


DISPLACEMENT . ee 5 Seas 
Displacement is a vector that depicts the change in the position of body from initia 


to final position. 


DISTANCE Do you know? 
The length of the path between When a body moves along straight line then the 
two points is called distance. displacement coincides with the distance traveled, 


VELOCITY 
The ratio of distance Time rate of change of 
covered by a body to the time displacement is called 
taken is called speed. velocity. 
° Scalar quantity. s Vector quantity. 
Both have dimensions [LT-!] and are measured in ms! 
Their classification is as follow:- 


Ca eae =| erie 5 
Information i 
A boat in current is a good example of relative velocity. | 
| 
‘Velocity of the boat 

Do you know? with espe tothe wate H 
Fora body moving with Yew | 
uniform speed, Its V._, | vevervet | 

instantaneous and Weer ee 
lus and average Resutant ag ptesPest 0 the I 
speeds are equal to each erbotyofboat NP Fortine \ 
other. with respect tothe — UMeod I 
bei ee Curent ~ I 
Yor = ow * Sve 
The water is used here 954 | 
i Jaternaterelerence tare | 
ACCELERATION 2 tr J 


AR MEL ERATION 
Rate.of change of velocity is called acceleration, a= —. 
Acceleration may be produced by the variation of: 


(a) magnitude of velocity i.e. speed 
(b) direction of velocity 


(c) both magnitude and direction of velocity, 
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Types of 
Acceleration 


Uniform Vattable Average Instantaneous Positive Negative 
acceleration acceleration acceleratiomn| acceleration acceleration acceleration 


. Acceleration is a vector quantity measured in ms. Its dimensions are (LT?] 
If the velocity of body reduces but not to zero, then negative-acceleration is called 
deceleration but if the velocity reduces to zero, then negative acceleration is called 
retardation. 

GRAPHS 

Graph is a pictorial display between two dependent quantities. 

Displacement-Time Graph ' 
A graph between displacement and time is called displacement-time graph. From su‘ 
a graph as show in Fig. we observe 


Acceleration 
due to grévity 


Zero Velocity 


Displacement (m)——» 


Time (s)——> 

(i) If the graph is straight line (AB) parallel to x-axis, it shows there is no displacement 
with time or body has zero velocity. 

(ii) If it is a straight line inclined to x-axis such as OF, it shows the body is moving with 
a constant velocity. If this straight line is inclined to x-axis by an angle > 90° (such 
as CD) it shows body is moving with negative velocity. We can not have straight line 
parallel to y-axis as it will indicate infinite velocity. 

(ii) If the graph is such that its slope keeps on increasing with time (such. as OE), the 
velocity increasing i.e. the motion is accelerated. ? 

If the graph is such that its slope keeps on decreasing with time such as OG, the 
velocity is decreasing. 


Velocity-Time Graph 
y and time is known as velocity-time graph. The 


A graph plotted between velocity s vel 
shape of graph indicates nature of acceleration as shown in Fig. given below 


Salient Features 
: The slope of velocity time graph gives acceleration i.e. , 


2 = tan@= Slope of graph. 
ui 


constant velocity having no.acceleration.; 


(i) Curve AB indicates body is moving with a r 
ith constant acceleration but retarded 


(i) Curve like CD indicates body is moving wi 


(angle with x-axis > 90). 4 
(iii) Curve like OF where angle < 90 represents constant acceleration accelerated. 
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Chapter-3 
(iv) Curve like OG where slope decreases with time it corresponds to decreasing 
acceleration. i 
Zero acceleration/ constant velocity 
= 
2 
3 
cc 
9 Time (t) yan 7 ; 
(v) Curve like OE where slope increases with time it corresponds to increasing 
acceleration. 
Some Important Points : : 
. If a body is moving with constant velocity then acceleration (or force on the body) is zero. 
. The slope of d - t graph gives velocity. 
. The slope of v— t graph gives acceleration. 
. If a body falls freely or starts from rest or is dropped vj = 0. 
. The velocity and acceleration need not to be in the same direction. 
. Velocity and acceleration need not to be zero simultaneously. 
. When a body performs journey in two=partssofequal-distarree-with speed v; and v2 
then average speed Vay = es ‘ 
vty, 
* When a body performs journey intwespartssatiequalstime with speed v: and v2 then 
4 Y+V, 
average speed = + 
. If the body is tifowmsupwartt then it will rise until its velocity becomes zero and will 
2 
rise to a height h = —— 
2g 
. If a body travels with a uniform acceleration a:for a time interval t; and with 
uniform acceleration a; for time interval tz, then the averagemacceleration 
Yat tanh, ; 
4th, 


A body thrown upwards takes same time for goi il i i 
Scie Ce es going up (till its velocity becomes zero) 


+H When a body is dropped freely from the top of building and another body is 


projected horizontally i i 
Brofe izontally from the same point, both will reach the ground at the same 


ow Time taken to reach earth by a freely 
independent of mass (neglecting air effects). 
. For a body projected upwards, the magni 
a ‘itude of i 
same whether the body is moving upwards or dined, 
KIPS ENTRY 


falling body from. the same height is 


at any point in its path is 
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EQUATIONS OF MOTION(BY GALILEO) 
Vr = Vit at or Vr= Vit gt 


1 1 
S = Vitt—at? or S=Vitt—gt? 
3 25 
Ve = Vi? + 2aS or Ve = Vi2+2gS 
« Distance traveled in nth second with constant acceleration is S, = V; +a(2n -1) 


NEWTON'S LAWS OF MOTION 
. Newton’s work on physics in his book named PRINCIPIA of mathematics. 


+  Newton’s laws applicable for moving objects having speed not comparable to the 
speed of light. 


1+ law (law of inertia) 


First Law of Motion (Law of Inertia): It states that every body continues tobe in state of rest or of 
uniform motion along a straight lirie unless it is compelled to change that state by an applied force. 


. This law qualitatively defines the force. ie 

. The inability of the body to change its state-is called inertia. So, it is also known as the law of 
inertia of Galileo. 

. Inertia resists change in the state of motion of the body. a 


Second Law of Motion (Force and Acceleration): The effect of an applied force on a body is t 
cause it to accelerate in the direction of the force. The acceleration is in direct proportion to 
the force and is inversely proportional to the mass of the body. 

OR 


A force F acting on a body is equal to its change in momentum per second 
F «< Mass of the body x Change in velocity/persecond oc ma 
a F=kma (where kis a constant) 
But 5 aaa} oa F=ma 
Lt Weight: The weight of a body is equal to the force with which the body is attracted by the 
earth towards its center. 


When force acts 
at some angle to 
the direction of 
velocit 


| wy [when force acts J When force acts 
| When force acts in} osite to direction || perpendicular to 
direction of velocity } oF velocity direction of velocity 


| 
v— 


—> ar 
Ls 
Only direction changes || Both magnitude 


and magnitude of and direction of 
velocity remain same |] velocity changes 


Speed decreases and 
direction of motion 
remain same 


remain same 


Slaw: Fag = —Fon of Pasion = — Fraction _ 
Action and reaction forces niever acts cn the same body. 
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Inertial Frame ‘ 
st or moving with uniform relative velocity 


ti8the:frame in which the body is at res 
Law of inertia hild in these fraiies. (a= 0): 


city. Law of inertia not 


dtisitheiframe w 
Hold it these franties. (a #0): 


Applications 
Weightsis a force with which a body is attracted towards the cente 
Barth isan approximateé irertial frame of reference because it 


has small... negligible angular acceleration: 


Non Inertial Frame . 
Ne hich is not moving with uniform relative velo 


r of earth. 


In-zero force environment only inertial observer can sit. 


Swimming in awater pond. 


. 
© Driving. aaron road: 
oa to) 


Mass measurement idependent of gravity. 
se 


Displacement - time graph of Savt+sat is a parabola as 


MOMENTUM 


shown below. 
MOMENTUM 


lentum was introduced by Newton who defined it as product 


of mass ‘and velocity of an object”, po= mv 
g Linear momentum is a’vector pointing along vélocity 
Linear momentum depends apon'p ey lon pel 


op SONY 6; how madsive’ dhe Body ‘mi 
: ; F ly may be. 
. Sfunit of linear momentum are! ke 
Kg SY OF 
ue ne impulse of force as; “The , 


* — Dimetisionally 7 is s, 
2 ame that of linear 
e° Inertial masslis momentum, 
‘nas baaeten ae ge natative medslirement of weveteration ne 
lomentumis equal tolthe abpnisignore duced. 
duced 


e ime rate entum 
E f change c 
hange o} ntum is equal t 
qual tc 


2 the appliec 


rce, 
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POINT 


PONDER 3 
The thermopore pieces inside the Guser sets protect the cups or other items from 
fracturing, Why? 


Change in momentum is equal to the impulse of the body. 4 
Law of conservation. of linear momentum 
In. an isolated system (Pitot (Pion 
MaivatMyva = mv myy, 
e The total linear momentum of an isolated! system remains constant. 
COLLISIONS 


Collision is said| to be taken. place ‘if’ some: sort of interaction appears between’ bodies 
due to their closeness, 


COLLISIONS 


Elastic collisions Inelastic collisions 
(KE and) linear: momentum (only) linear’ momentum: is 
both are conserved) conserved) 
Elastic collision. in one dimension 
* Elastic. collision, in: one: dimension) is: that! one;, im which» colliding: bodiési do not 
deviate from their line of motion, after the:collision: 
° In.case of two bodies:undergoing elastic collision:in one-dimension; we have 
MitMi =Vo+ We or WirVao==-(Win--V'2)}. 
Speed of approach. =Speediof recession) 


After collision; 
vy, = (m=m)M, 2m Vy 
(m;+m;)) (mj +m;) 
2mWy__, (ma=mi))Vs 
(rm; +m3)) (ry +g) 
Oases of elastic collision 
Gase-I: If m-m2 & Vir0. 
then VWirVa 86 Vaevi 
Oaselh If raxtma & Vie 0 
then Vuir00 i VE unten a 
In,both. cases:] [81 \due to:thecsamecmasses* of itheccolliding:bodiesstheir' velocities f 
after collision got interchanged. i 
uff my7>™m2 8 Vu 00 - 
then: Vue a2) 
Casedvy. If mussma, 8 Vu) ‘, 
then», WaeeV &VGQ500) 


a ee 
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FORCE DUE TO WATER FLOW ; , . 
Water exerts force on a wall, when impinges over it. This force is equal to the product 
of mass flow rate of water and its velocity. 


= m= 


ie. Foy 
if ' . 
The above phenomenon gives us an idea to invent turbines that uses hydal energy, 
‘CES F ; ; 
MOMENTUM & EXPLOSIVE FORCE: whieh’ divdbton, varlois pleces will fy 


Conservation of linear momentum decides ‘i 
from an exploding bomb. ; ; 
. During explosion law of conservation of momentum holds well. The recoil velocity of 
‘ m 
a rifle (M,V) fired from a bullet (mv) is V=—y7¥ 


Recoil velocity is always a fraction of the bullet velocity because M>m. 


PROPULSION OF ROCKET ‘ 
Propulsion of rocket-is according to I 
80% mass of rocket consists of fuel at the launching time. 
Atypical rocket consumes about 10,000 Kg fuel'in 6ne second. 
Speed of gases expelled from the tail of rocket is over 4000 m/s. 
Instantaneous acceleration in the rocket is. a= mv/M 

Where 

m = mass of the gases ejected:per second 

M = mass of the rocket 

V Ivelocity of ejected gases 


. jaw of conservation of linear momentum 


Do you know? 

‘The rockets'are made in several compartments. When a compartment is emptied from 

fuel itis dropped, thus reducing the overall mass of rocket and hence increasing the © °° 
acceleration of rocket. 


FRICTION 
¢  .The property: by virtue of which a resistin, i 
; ; fl fw g force is created between two rou 

beta which resists the sliding of one body ‘over the othier is called friction : 

e force always acts in the direction opposite to i st ' 
tendency to slide or move. = eee ee 
The maximum frictional force between t if 
NERC hone ‘wo surfaces depends’on 
Normal contact force 


+++? 


When the body starts moving the force of friction decreases. pote 
. In practice friction can not be zero, : 


Wh 
wa ve walk on ground then the: direction -of: force: of friction ‘is. in forward 
ion because the tendency of slipping is in backward direction. 


point of contact. 
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Coefficient of friction (j!) = 


t R 
or HaR or 
The @6ificiertworesfietioh, depends on, maturemdt 
about to 
For horizontal surface f. SF 
R=mg 


Then f= mg 
Static Friction: The force of friction that comes into 

play between two surfaces in contact before the actual mg 
motion starts is called static friction. 

Force of Static Friction is given by 

f,=n,R, p, is coefficient of static friction 

Kinetic friction: when one body moves over the other then 

the force of friction acting between two surfaces is called 

kinetic friction. 

Force of kinetic friction is given by 

f, =n, R, 1, is coefficient of kinetic friction 

Limiting friction: The maximum force of friction which comes 
into play before a body just begins to slide over the surface of 
another body is called limiting friction. 

Angle of friction (6); Angle which the resultant (Ri) of normal © 
reaction (R) and limiting friction (f) make with the normal” 
reaction is called angle of friction. 


From Figure tan@ = 


For static friction: tan0, = tan@, 


For kinetic friction: tan 0, = = =p, =tan0, 


Rolling Friction: When one body rolls over the other body, then the frictional force 
acting between the two surfaces is called rolling friction. 


Note: For the same two surfaces Hy > Hy PH, 


Graph for frictions 


Kinetic 
friction 


Force of friction > 


N M 
Applied force —> 


NORMAL CONTACT FORCE 


xn 
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Two bodies are said to be in contact when there is atleast a force perpendicular or 
Parallel to the surface of contact or point of contact which is related to the motion of two 


bodies. 
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° Few contact forces are here: 
+ Normal contact force 

+ Frictional force 

+ Tension in strings 
+ 
. 


Spring force 
Number of contact forces on @ Ds 
the total number of 


ody: Total number of 
f surface of contact Or 


Motion and Fore, 


normal ‘contact or contagt, 
point of contact. Such as; 


force is equal to 


N 
Normal contact force is single because one surface 
is in contact. 
mg : 
N 
Normal contact forces on A are two because two 
i A 
surfaces are in contact. Rea 
V 
ne 


surfaces are in contact 


Normal contact forces on A are three: because three 


Normall contact: forces: om rodi are: two because: two 


points; are-im contact 


Normal! contact forces; om ring; are: three: because: 


| three:points;are-im contact.. 


Here:normall contact: force: is; absent because: block 


issimair;, jie, there:issno) surface: offpointt offcontactt. 
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Mi 
F 
[ F Yi 
| « F 
F~ Horizontal th asabied on mE LEAL a ion of the 
jorizontal force applied on m,, E.= Contact force , a=Acceleration of the 
‘ law giv Ff =m and mya, 
Newton’s second law gives: F-F.=ma and F,=m,a F 
Solving these, we get I ind a 
E and ast 
ri m,+m, 


Solving these, we ge 


Masses Connected by Strings 
ses Connected by Strings 
a 


T= Tension developed in 


APPIVIBE MEW tR-S 2AW: 
Solving these, we get 


T, : 
TENSION AND ACCELERAhMait Ti A STRING 
TENSION AND ACCELERATION IN A STRING 
Case I:vertical motion of two bodies attached to the ends of string that passes over a 
Verticalimotion-of two bodies attached to the ends of string that passes over a 
mlleysy 4 String passing Over a Pulley: It m, >m,, then m, ; 


Masses Connected by.8 String passing Over Bully: Iam, Myo Hc 


Masses Connected by. SI 
will move downwards and m, will move upwards, both with the same 
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Atwood machine: 


It is an arrangement of two objects of unequal masse: 
ionless pulley as shown in figure 


3. Both objects are attached to 


the ends of a string and string passes over a frict 
above. It is used to find the acceleration due to gravity 
mth 4 
m,-™, 


Case 2: 


When one body moves vertically and other moves 


horizontally: 
. Acceleration: 
= 8. 
m,+m, 
Tension: 
we MEE: 
ye 2 
MECHANICAL ADVANTAGE: 
Mechanical advantage is defined as the ratio of load to effort. 
LOAD 
mechanica, _ 1° 
ADVANTAGE EFFORT 
ze MECHANICAL 
MEC = FFORT 
fee eS LOAD = ‘pvantage * EFFC! 
EFFORT = 


Assumptions for the Derivation of Equations of projectile 


Earth is assumed to be flat over the whole trajectory of projectile. 


The acceleration due to gravity remains constant over the whole trajectory of projectile. 


Neglecting the aerodynamic effects, 
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PROJECTILE MOTION 


PROJECTILE 


MOTION 


Trajectories | 
Range of Height of | Time of | 
licati 
apes projectile projectile Flight 


e Instantaneous velocity is maximum at point of projection and at the landing point 
and minimum at maximum height.as Vy=0’,at maximum height: 

. Horizontal component of projectile velocity remains constant throughout the 
projectile motion. 

. Vertical component: decréases, becomes zero at maximum height and then 


increases till projectile hits the ground. 
Note that: _ R = Range of projectile 


a,=0 
S H = Maximum Height of projectile. 


Uy = —YoyV Wu'= v9 


?; Horizontal and. vertical coordinates of projectile at time ‘t’ are given as; 
x= Vo cos t 
: 1 
y= Vosin®o t - 38 
41 
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rapora Bt Presence of air 


: tory of projectile, is, parabota in the a ; 
mitislike parabola, ciuttancously from d ally 
+ th two istical bal alls are t prow simultaneously Irom, Ra aS, i eight one vertically 
and other horizontally, then both falls to the earth simu 
3 Time to reach maximum height is given as; 
= ‘Vind, 
go 


i ep 5 piven 28; 
* Total time of flight is given as; 


i) js given 


° Vertigal range theight} is piven a: 


and point 2 
and point at which j it 


at angle 9'= 45° and given as; R.,., 
Masimnum horizontal Zan ge i$ at angle 0= 45° and given as; si Re 


. c, 10 = 4H... 
. ble) iheigh of the pts with angle is “drawnras below. 

: les_of projection ‘willie 
: projection is sh the 


tual 
cight..with angle of projection is shown with the 
of Projection. 


De. Jou ENG g 


angle 29, YOU Know?, 
Vien angle of | Prete is, IG 
imum height of | rojectile 


led balli: tic 
mit als called past ma 
ee ene Fe site 
the tat Only {or ane Srtical.n otion of the missile 
H 


fe 
red Mss iyi hpruty for 
red er attr) Pde her ranges ter for torig rang 


yes and precision. 
used for long’ ranges and ‘precision. | 
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(6) 


@) 


particle HOVES Alotig the x Axis frit x) to xp Willch OF thie FolloWwitig values of thie ihitial 
ahd filial coordinates; which Fesiilts it the Uisplacciiient with the largest magnitude? 

(@) x= 4ithxp= - 211 4inyxf=4im 

(6) Xi = 4m, Xp =6i x Ait, x= 8m 

A ca travels 40 kiloiiieters at ah average speed Of SOkni/H aid then travels 40 kilometers 
at dili average speed of 4Okiii/li; The averiige speed Of the cir for this 80-km trip is 


(a) 40kinw/h (b) 45kiiv/h Quy) v, 

(6) 48knivii sain“! 2 Math 

A ina in a car ittoving with. velbeity of 36Kini/hr. His speed with respect to the cris 
(a) LOni/s (b) 36m/s 

ley zero __ (d) infinite 

Wheii velocity time aiapli is & straight line parallel to time axis then 

(a) acceleration is constant (b) acceleration is variable 

\(c) acceleration is zero (d) velocity is zero 

A baseball is throwii vertically into thé air: The acceleration of thé ball at its highest 
point is 

(a) 2g; down 


(ey zero 


S constant during the fall 
during the fall 

terminal Velocity is reached 

its the Cag” in 12.0 § 


@T j 
Aw object arapet frou ti 


Neri io ig 9.80 m/s, the hight of the Wind 


peeret® 


(a) cases} 
(©) )ase2A’ 
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(10) 


Newton’s laws do not hold good for particles, which 
(a) are at rest 
(b)are moving slowly 
(c) move with high velocity ye 
Adymove with velocity comparable to velocity of light 
1 law of motion gives the definition of ‘ 
(b) motion 


(a) rest 
(c) velocity _ (@) force 
2" law of motion measures which quantity? 
(a) force (6) acceleration ; 
(c) velocity “(d) both force and acceleration : 
Imran travels 2m with speed v; and then’2m with speed vz his average speed is 
. VY; 
Vv, +¥; b V2 
@ + O~> 
( @ 20% 
Vv, t+V> Vj+V2 
Momentum depends upon 
rt (b) mass of the body 


‘a) force acts on the body : 
Be velocity of the body 4d) both mass and velocity of the body 
Why does an object falling in the-earth’s gravitational field reach a steady velocity 
th increase’in velocity 


LaF air resistance increases wit : 
(b) the earth’s gravitational field decreases as the object falls 


(c) the mass of the object: remains constant ~ 

(d) the weight of the object increases as it falls 
When a body moves in a straight line then its displacement coincides with 

\a¥distance (b) force | 

(©) acceleration (d) both (a) and (b) 

When two bodies stick together after collision, the collision is said to be 

(a) perfectly elastic (b) partially elastic » 

(c) completely inelastic (d) none of these 

Motorcycle safety helmet extends the time of collision and hence decreasing the 

(a) chance of collision - (b) force acting : 

(c) velocity \(dy‘impulse 

The collision between two bodies may be elastic if. bodies are 

(a) solid and soft (b) soft and elastic 

(c) solid and hard \(a)'fiard and elastic atin 

At maximum height on the trajectory which of projectile becomes.zero 

(a) acceleration (b) velocity 

7 Vertical velocity « (d) horizontal velocity * 
in the given diagram, the coach moves from position A to B to C to D. WI 


resulting displacement and distance of travel? 
D B 


hat is the coach's 


Cc A 
ts t= ts ts 
10 min 3 min 6 min O min 


(a) SSyards left and 90 ferme ty el 
irds left an yards (b) SOyards left and 9: 
(c) SSyards left and 95 yards (d) 45yards left ond cs Hn 
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2) 


@3) 


(24) 


(26) 


Q7) 


(28) 


(29) 


A body is falling freely under gravity. How much distance it falls during an interval of 
time between 1" and 2" seconds of its motion, taking g=10? 
(a) 10m (b) 15m 
(c) 20m (d) 25 m 
A body, initially at rest, explodes into two thasses M, anid’ M, that move apart with 
speeds v,and v, respectively. What is the ratio“? 
V2 
mM, M, 
(a) ™, (b) M, 
1 
Eh M,\ 
w (¥) @ (4) 
When collision between the bodies in a system is-inelastic in nature then for the system 
(a) momentum changes but K.E remain conserve 
\(byK.E changes but momentum remain conserve 
(c) both momentum and K.E changes 
(d) both momentum and K.E remain conserve 
Which shows the correct relation between time of flight T and maximum height H? 
ay = ar (b).H= a 
8 g 
88 pee fs 
(c) H an (d) H ariel . 
If an iron ball and-wooden balt of the same radius are released from the height ‘h’ in 
vacuum, then time taken by both of them to reach the ground will be ‘ 
(a) Unequal (b) Equal 
(c) zero (d) none of these 
Taking off rocket can be explained by 
(a) I" law of motion (b) 2" law of motion 
Ae} law of conservation of momentum (d) law of conservation of energy 
Which of the following is not an-example of projectile motion. - ‘ 
aya gas filled balloon F .-(b) bullet fired from gun 
(©)a football kicked (d) a base ball shot 
What is the angle of projection for which the range and maximum height become equal? 
(a) tan‘! iL (b) tan! 4 
4 
(©) cos! + @ sin i 
4 4 
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as shown. Air 


A projectile is launched at point O,and follows the-path, OPQRS, 
resistance may be neglected, 
Q R 


Aro in 


v a hich statement is true for the projectile when, it is at the highest point Q of its path? 
6s vx=ent(a) The horizontal, component of the projectile’s acceleration is Zero, 
mt bsuilit P 


Huvt 27” (b) The horizontal, component of the projectile’s velocity, is zero. 
(6) The kinetic energy of the, projectile is zero, 
nechange (4) The momentum of the projectile i 
peo ae Rent Nimeaee 
rb 31), When, two, bodies. moye toward, each, other, with, constant speeds the. distance between 
) them decreases. at, the, rate of 6m/sec. If they, moye. in, the, same. direction, the. distance 
hetween them, increases at the rate.of, m/sec. Then, their, speeds are 
(@)5m/s,Im/s. (b) 3m/s, 3m/s. 
(d) Amis, 2m/s. 


(©),6m/s, Im/s, 
32), Distance.covered, by. freely falling body, 


(a) 4.9m, 1 
©3 Im, 
y G3), by, a tt eceleration, starting-from,rest, 
. (a) at?/2, (b) Vt, 
‘ Oa: (d)sboth a.and.b, 


the-space.is.an.example.of 
tion, (b) third law, of 


(@ylaw.of 
ath) ofa projectile flying ag: 


@)ponge 
ofebanegof momnretum incase, 
5) impulse. 


QR Timer 
(2) fore 


i (GX both (a), and.(c) 
Htfherolgeteas 304, ot Rethen, 
a, ; ()R 


res 


2, et 
4) Wey bale QR 


‘ Missiles £ail:in, some circumstances of prec 
@sledoahei shape. © (dg tai esi 


(seta angle of Proigctiqn, Qyallhof these. 
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Work and Energy 


Chapter-4 

WORK 

© The term ‘work’ has following meanings; 

1. Bsvehological eth Livities are called work, but this kind of meanings 


All kinds of mental or physical act 
is not used in physics. 

2. Scientific Meaning: " ., 

(i) If a force displaces or stops a moving body through a certain distance, the work is 
‘Said to be done by the force on the body. 

(ii) Dot product of force and displacement is called work. 


w =F ? 
W = Fd cos0 
or W-=(Fcos 0)d or W~F(dcos 0) 

. Positive Work - 
= For 6 < 90°, work done is positive. a 
= Maximum positive work is done if 6 = 0° 
Example when an engine pulls a train. 

. Zero work 

=> Work will be zero 
(i) when 6 = 90°,e.g,centripetal force and tension in pendulum string does not do any work 
(ii) | when F=O, : 


(iii) when e.g: car is not moving while its engine is running. 


. Negative Work 
=> For >90°, work done is negative. 
=> Maximum negative work when 
Example: work done by frictional forces *~ 
. ST unit of work is joule (J). 
° In particle physics, work is measured in electron volt (eV). 
. Dimensionally work.is equivalent to [ML?T 2], 
Graphically work can be obtained from force displagagent graph. The area under 
this graph is work done. Work is a scalar quantity: ~ = 


180° 


(a) | Work done by constant force 


Area = Fd = work done. 
| | | > 
Adi 3 
d 
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(b) Work done by a variable force. , 


Total Area = Jim 2 F.Cos0,Ad, = work done 


CONSERVATIVE FIELD 


+ Ifa field satisfies following two conditions, it is said to be conservative. 
(i) Work done along a closed path is zero i.e. Wisi = 0 


(ii) 
position of a body. 


Work done is independent of path followed by body but depends on final and initial 


Example: Electric field, Gravitational field. 
. Frictional force is non-conservative force. Other non-conservative forces are 
propulsion force on rocket, force of a motor, tension in string etc. 


+ Spring force F = kx is conservative force. 


*\f Conservative field and’ conservative force has the property of storing energy in the 
system. This energy is known as P.E of the system. 


displacing a particle does not depend on the 
path along which the particle is displaced. 


A B 
Was = Waa 


1 The work done by these forces in carrying | The work done by these. forces in carrying a 
a particle around a closed path is zero i.e., | particle around a closed path is not zero i.e., 
Woot = 0. Wort #0 

2 The work done by these forces in| The work done-by these forces depends upon 


the path along which the particle is displaced. 
In this.case 


(Wap) # (Was) 


3. Under these forces the kinetic energy of 
the particle remains constant K.E = KE; 

central forces, gravitational force 

force, is 


et 


Under these forces the kinetic energy of the 
particle changes K.E; # K.E; ¢.g., frictional force, 
retarding force, viscous force, magnetic’ force-due 
to an electric current etc. (all these are velocity 
dependent forces) 


Time rate of doing work is called power. 
Power = work/time 
In linear motion, power is given as; 


In angular motion, powei is given as; 


P=ta 
Average power is given as; 


* Instantaneous power is given * 


Do you know? 
A person having more power than other 
person does not means that he has more 
energy as well. Reverse is also true. 


Do you know? 
Ifa spring is compressed then work done 
on it equals the increase in its elastic 
potential energy. 
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Petim 2 ' 
a0 At 
If <P> = Pig, then body does work at constant rate. 
. Unit of power is watt defined as; 
1W=1d/1 sec 
+ Dimensionally power is equivalent to [MLAT*] 
° Th.p = 746 watt = SSOPSoepouna/ seo? 
. Gena unit of electrical energy is RW, 9 1kWh=3.6*10°S 


Work energy Principle E 
“Work done on the body equals change in its K.E 


ie. 
Work = (K.E)y (KE) 
ENERGY 
Ability of a body to do work is called energy. 


Ld 


TRANSFER OF 
ENERGY 


124 


KINETIC ENERGY few 


FRICTIONAL 
FORCE revhy 
depends on epee 
3 Ae 3 
Mass Height 
Acceleration 


~ Work done by a Spring 


While relaxing or returnin; 
spring will do work: 


I 
Mea 


ig back. to its mean position the 


If the block compresses the spring, 


“Worle spring force will .do 


I 
W = -~kx? ‘ 
2% : 
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EFFICIENCY : 
It is the ratio of required form of energy obtained fro 


total energy given to it as input. 
required formof output 
total input energy 
require ut 
required formof ouput . 199, 
total input energy 


m a system as output to the 


Efficiency = 


Efficiency in percentage = 


It has no unit. 


IDEAL MACHINE 


‘an ideal machine is a hypothetical machine whose output is equal to its input. For 


an ideal machine. Output = Input 
Forms of ene! 


KE Ability of a body to do work due | 1/2 mV? p?/2m 
‘ to motion P=momentum 
Gravitational | Ability of a body to do work due ak 
P.E to position in gravitational field Ld 
Ability to do work due to Lis 
Elastic P.E elasticity 5 kx 
Ability of a body to do work due 
ith to position in electric field PrN 


Applications of Gravitational P.E 
° Absolute gravitational P.E of a body on surface of €arth is given as 


___GmM 
al R 
. Negative sign due to selecting the zero reference level of potential energy at infinite 


distance from earth. 


Due to smaller value of g a man can’t run faster on Moon. 
OR ALREADY POEL 


Do you know? 
The gravitational force holds inverse square relationship with 
the distance of the object from the center of earth. 


Relation between momentum and K.E: 
2 
2g. 
2m 
ESCAPE VELOCITY 
The minimum initial velocity required by an object on earth to escape from earth’s 
gravitational field. 


Vas Re = aR 
rR 
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Vatue of Ves=1 1:2x103nis-!=6.96miles s*! = 11.2kms-* 
=25000 miles h-1=40320kmh-! 


Escape velocity is independent of the mass of the body. 


INTER CONVERSION OF K.E AND. P.E. 
. In absence of air friction we get 


Dn 
mgh ==mv" 
Se 


If a body is dropped from height ‘h’ to earth’s surface in presence of air, then; 


Loss in P.E = gain in K.E + work done against air friction. 


. If a body is thrown vertically upward in gravitational field in the presence of air, 


then; Loss in K.E = gain in PE + work done against air friction. 


In the absence of air friction, increase in K.E = decrease in P.E. and vice - versa, 


CONSERVATION OF ENERGY 
Energy cannot be destroyed. It can be transformed from one form into another, but 


total amount of energy remain constant. 
When 4 cup is dropped the P.E changes to K.E, but on striking the ground, the K.E 


changes to heat and sound but total at each instance is always conserved. 


(CFincererta Pree 
Conservation . 

of Angular Momentum 

shows up in many 

forms in its 


Conservation 
of Momentum 


Einstein's 
Caveat 


Conservation 
of Energ 


a powerlul 
tool for 


with extemal 


Mass Energy 
forces 


E=mce2 Role as a 


Fundamental 
Principle 


Work-Energy 
Principle 


Mechanics Problem 
Solving 
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NON-CONVENTIONAL SOURCES OF ENERGY 
NON-CONVENTIONAL SOURCES OF ENERGY 
Energy 


from Tides % 


Water is alowed to fall 
{n controlled manner 
from upstream to down 
stream 


the turbines 


‘The energy of 
filling water derives 


Turbines drive 
generators to 
produce electrity 


Tidal movement and 


Non conventional 
source of energy 


They produce a 


strong winds relative movement in 
Produces the waves duck float and balance 
onthe water surface float, 


This relative 
movement is used fo 
rin electricity 

genentors.s 


80 
Energy 


Direct wsage of 
solar energy 


Indirect wage 


ofsolarenerpy 


Energy from 
Biomass 


Direct 
combustion 


Energy from Waste Products 


Waste is bumed in confined containers. 


Heat produced is used to generate steam 


solar ene gy heats upa tank 
of vater and produces 
stream, which is wed fo run 
stream turbines, and hence 
electricity is produced. 


to lectrical energy, 


Converted i 
fuelby 
Fermentation 


Do you know? 


The tides raise the water in the sea 
roughly twice a day. 


im 


Steam drives the turbines and produces electricity 
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Crhapter-4 Work and Energy 
* Normal incidence of solar energy outside the earth’s atmosphere is about 14 kWm2- 
= Solar energy reaching on the surface of earth on a clear day at noon is about 
bo 1 kWm2, 
Do you know? 
How much energy per s9.m per second is absorbed by atmosphere? 
. Ethanol obtained from biomass is a replacement of gasoline. 


Methane obtained from biomass is a replacement of natural gas. 

. Sources of geothermal energy 
(i) Radioactive decay (ii) 
(iii) | Compression of material in earth 

. Annual consumption of energy is about 6x10°kW 

Only 0.1% of solar energy is more than total energy required per annum on earth 


Residual heat of the earth 


. Solar panel is series combination of solar cells. 
° Solar panels usually have ability to charge nickel-cadmium batteries in artificial 
satellites. 
Source of energy | Original Source 
Solar Sun 
Bio mass Sun 
[Fossil fuels ‘Sun 
Wind Sun 
Waves Sun 
Hydro electric i Sun 
Tides Moon 
Geothermal Earth 
Renewable Nonrenewable 
Hydroelectric Coal 
Wind Natural gas 
Tides Oil 
Geothermal* Uranium 
Biomass Oil shale 
Sunlight Tar sands 
Ethanol/Methanol** 
* Individual fields may run off 


** Renewable when made from bio mass 
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Work done will be maximum if the angle between the force F and displacement d is 


(a) 45° (b) 90° 

(c) 180° (d) 0° 

A field in which the work done in moving a body in a closed path is zero is called 
(a) electric field (b) conservative field 

(c) electromagnetic field (d) gravitational field 


When a force is perpendicular to the direction of motion of the body, then work done on 
the body is 


(a) zero (b) minimum 

(c) infinity (d) maximum 

Which of the following types of force does no work on the particle when it acts on it? 
(a) frictional force (b) gravitational force 

(c) elastic force (d) centripetal force 

If a body of mass of 2 kg is raised vertically through 2m, then the work done will be 
(a) 38.2) (b) 392.1 

(c) 39.2 (a) 3.92) 


An elevator weighing 3.5 x 10°° N is raised to a height of 1000 m in the absence of 
friction, the work done is 


(a)3.5x 10°J (b) 3.5 x 10°J 

(c) 3.5.x 10°J (d) 3.5 x 10°J 

The average power and instantaneous ‘power become equal if work is done at 
(a) any rate (b) variable rate 

(c) uniform rate (d) high rate 

The relation between horse power and watt is 

(a) 1 hp = 546 watts (b) Lhp = 746 watts 

(©) 1 hp = 1000 watts (d) 1 hp = 946 watts 

Proton, electron, neutron and-o particles have-same momentum. Which of them have 
highest K.E? : 
(a) proton (b) electron 

(c) neutron (d) a-particle 


The power output of a lamp is 6W. How much energy does the lamp give out in 2 
minutes? 

(a)3J (b) 120) 

(c) 7205 (d) 430) 

Work done by variable force is determine by dividing 

(a) force into small interval 

(b) displacement into small interval 

(c) both force and displacement into small intervals 

(d) force into small and displacement into large intervals 

Work done on the body equals 

(a) change in its K.E always 

(c) change in its K.E or change in its P.E 
The escape velocity of a body in gravi 
(a) its mass 

(b) the angle at which it is thrown 

(c) both its mass and the angle at which it is thrown 
(d) gravitational field of earth 


(b) change in its P.E always 
(d)-neither change in K.E nor change in its P.E 
ional field of earth is independent of 
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(14) The tides raise the water in the sea roughly in a day 


(a) once (b) twice | 
(c) four time (d) eight time 
(15) The source of geothermal energy is , eid 
(a) decay of radioactive slement in the earth (b) compression of material in the earth 
(c) residual heat of the earth (4) all as said in a, b and ¢ 
(16) The highest value of escape velocity in solar system is for planet 
(a) Earth (b) Neptune 
(c) Jupiter (d) Moon 
(17) _ Work done by the force of friction is i 
(a) always positive (b) always negative ae : 
(d) positive only for large frictional force 


(©) positive only for small frictional force 
(18) Gravitational P.E of a body can be found by 
Gm 
. @) (b) mgh 
Dy @= 


@-2 (4) both “b” and “c” 
r 


(19) If velocity is doubled, then 
(a) momentum increases to 4 times and K.E increases to 2 times 


(b) momentum and K.E. remain same 
(c) momentum increases to 2 times and K.E increases constant 
(d) momentum increases to 2. times and K.E increases to 4 times 
(20) We get energy from food during a day which is equivalent to the energy obtained from 


liter petrol. ‘ 

1 

(@) 1 b) = 

D wr 

~ 2 1 

(c) 5 (d) ry 

(21) One mega watt hour is equal to 
(a) 3.6x 10° J (b) 3.6x 10)? J 
(c)3.6x 10° J (d)3.6x 10° J 


(22) A boy holds a 40-N weight at arm’s len; i i 
gth for 10s, His arm is 1.5m above the ground. 
The work done by the force of the boy on the weight while he is holding it is: 


(a0 Lek dso (b) 905 
(c) 60) (d) 40) 
(23) Work has the same dimension as that of 
(a) tora (b) angular momentum - ... 
(c) linear momentum (d) power 


(24) Aman pullsa 100 N crate u icti 
p a frictionless 30° slope 5m hi; i La 
crate moves at constant speed, the work done by in ee peice nas 


(a) -500s 
(©) -250) 0 a 
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(25) The relation between the escape velocity Ves and orbital speed Vz is given by 


(8) Vese =1/2Vo (b) Vese 
(©) Vese = Vo (d) Vese 

(26) The escape velocity form the earth surface in km sis about 
(a) 4.2 kms” (b) 7.5 kms" 
(c) 9.5 km s™ (d) [km s! 


(27) A boat moving at constant speed v through still water experiences a total frictional drag 
F, What is the power developed by the boat? 


1 
rag () aR 
(©) Fv" () Fv 
(28) When two protons are brought close, their 
ay (a) Kinetic energy increases (b) P.E. increases 
(c) P.E. decreases . _ (d) P.E. doe not change 
(29) Atrolley runs from P toQ along a track. At Q, its potential energy is 50 kJ less than at P. 
Trolley 
P 


Q 


At P, the kinetic energy of the trolley is 5 kJ, Between P and Q the work that the trolley 
does against friction is 10 kJ. What is the kinetic energy of the trolley at Q? 
(a) 35 kJ (b) 55 kJ 
(c) 45 kJ (d) 65.kJ. 
(30) Initially, four identical uniform blocks, each of mass m and thickness A, are spread on a 


table. 
3 mah mah 
ees 


a 
' np How much work is done on the blocks in stacking them on top of one another? 


(a) 2mgh (b) 4mgh 
(c) 6mgh (d) 8mgh 
G1) Escape velocity depends upon the radius of Earth. Which one shows its proper dependence 
1 
(a) VaR (b) VaR ? 
1 
(©) VorR? é (d) VoR™, 
(32) Temperature of hot igneous rocks is about ‘i 
(a) 20, 000°C or more (b) 2000°C or more 
(c) 200°C or more (d) 20°C or more : 
(33) A ball is thrown vertically upwards, Neglecting air resistance, which statement is 
correct? 


(a) The kinetic energy of the ball is greatest at the greatest height attained ‘ 

(b). The potential energy of the ball increase uniformly with time during the ascent. 

(c) By the principle of conservation of momentum, the momentum of the ball is constant 
throughout its motion 

(a) By the principle of conservatio 

its motion ‘ 


n’of energy, the total energy.of the ball is constant throughout 
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(4) 


(35) 


(36) 

G7) 
38) 
9) 


en) 


wf 


Propulsion force of a rocket is 

(a) non-conservative force 

(b) conservative force 

(©) conservative and rocket has reached high altitude 
(d) none of these Oks a ‘ike 
Acar is driven along a level road. Th 
car wastes 45kJ of energy, what is the efficiency of car 


c total energy input from the petrol is 6 


(a) 25% (b) 15% 
(c) 45% (d) 75% 
Geothermal energy is a source of energy. 


(b) stable 


(a) non-renewable 
(d) none of the above 


(c) renewable 
The source of tidal energy is 


(a) sun (b) earth 
(c) both (a) and (b) (d) moon 
cell converts solar energy into electrical energy 

(a) rotatory (b) photovoltaic «~~ - 

(c) Galvanic (d) none of these 

Which of the following bodies has the largest kinetic energy? 

(a) Mass 3M and speed v (b) Mass 3M and speed 2v 
(c) Mass 2M and speed 2 aS (d) Mass M and speed.4v 
The amount of work required to stop a moving object is equal to: ' 
(a) the velocity of the object (b) the mass of the object times its vilocity 
(c) the kinetic energy of the object (d) the mass of the object times its acceleration 
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Circular Motion 
Chapter-5 


INTRODUCTION 


Circular Motion . 2 
Motion of bodies in circular path is called’ circular motion 


Angular Moti on Sea, 
Circular motion of a body may also be called angular motio! 
CIRCULAR 
yTION 
Cantripaal 5 
Foree 
Moment of Actifici 
ee Satellites 


Lawof 
conservation of 
angular momentum 


acceleration 


ANGULAR DISPLACEMENT 
“It is the angle swept by the radial line during circular motion of a particle measured from 


some initial point to some final point:” 
* Angular displacement has direction along axis of rotation and can be determined by 


right hand rule 
. ‘ST unit of angular displacement is radian (es 
* One radian is an angle made by an arc at the Do you know? 
center, whose length is equal to the radius of For-very small values of. 
circle, , angular displacement it is. 
. Definition of radian gives following useful treated as vector quantity, 
relation: 
S=r0 
Its m4 = 0.0174 rad, 1 rad = 57,3° 
. eeuler displacement is angle in radian or degree covered by body having circular 
motion, ° 
iS Non 8.1 units are also used which are “degree” and “rev?, . . 
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ANGULAR VELOCITY & ACCELERATION 
Rate of change of angular displacement is called angular velocity; 


. 
, usually not a vector quantity. 


AQ - 
ins = ured , always vector quantity. 


‘ Tangential and angular velocities are related as: 
v= or or V=axt 
. SI unit of angular velocity is rads-!. 


. Rate of change of angular velocity is called 
angular acceleration. 


Do you know? 
The angular velocity is practically 
measured in revolution per minute 
(rpm) as they provide an easy 
interpretation of angular motion. * 


=_ Ao 
a=— 
At 
. ST unit of angular acceleration is rads? 
. Angular acceleration is a vector Quantity related to tangential acceleration a by the~ 
following formula a=ra. 
« Direction of angular acceleration and angular velocity is along axis of rotation. 


Y 


Do you know? 
All the points on a rigid body rotating 


e about a fixed axis have same angular 
speeding down “displacement, velocity and acceleration. 


a 
. If angular velocity increasés, then @and @ are in same direction and if angular 


velocity decreases, then anda are in opposite direction 
RIGID BODY 
“A body, which maintains a constant distance between its two consecutive particles, 
when a definite load is applied to it.” 
Note that 
e.g. wall is treated to be rigid for a human being but not for hammer. 
CENTRIPETAL FORCE -& ACCELERATION 
The force required to bend a straight line path of a body into the circular path is 


called centripetal force. 
If the centripetal force is removed from the rotating object it will follow a straight- 


line motion confined on the tangent to that circular path. 
ASSUMPTIONS 
To derive the equations for the centripetal acceleration we assume that speed=ofethe 


<txsieraiGh butradialcomponentsonly: The equation is 
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In vector form, centripetal force and acceleration can be written asi 


mv? 


snncile in --(™}i- é 
" 


(7) 


Work done by centripetal force is zero. 


Centripetal and centrifugal forces form true action & reaction pair but they can’t 


balance each other because they don’t act on same body. 


ANALOGY BETWEEN TRANSLATORY MOTION AND ROTATORY MO’ 


Linear displacement, 
Ad 
At 
Acceleration or linear acceleration, 
-_ Av 
ae5” 
At 


Linear velocity, v= 


Mass, m 
Linear momentum, P=my 
Impulse, lorJ=Fx At 


Ap 


Force, F=ma= 


At 


Newton’s laws in linear motion: 
First law: If F = 0 then v = constant 


Second Law: F=ma 


Third Law: Fi =-Fa 
Equations of linear motion 


(i) ve= vi + at» (ii) S= vit + sat! 
(iii) vj -v7 = 2aS 
Distance covered in nth second 
a 
S, =v, +=(2n-1 
5 (20-1) 


S=vt 
VitV, 


<V>= 


Angular displacement, 
Ad 


‘Angular velocity, = 
gu y, O= 7 


Angular acceleration, a= “ 
Moment of inertia, )=:mr? 
Angular momentum, L=lo 
Angular impulse = t* At 

AL 

At 


Rotational work, W, = 10 = F1(0} -0) 


Torque, 


Kirigticvenergy of fotatioli, K.E, = $0? 


Newton’s laws in rotational motion: |.” 


First law: If t = 0 then @ = constant 


Equations of rotational motion 


| 
at? 


(i) 


(iii) of —@? = 200 
Angle subtended in nth second 


0, =0,+52n-1) ; 


©, =@,+at (ii) O=a,t 
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MOMENT OF INERTIA 
“The measure of hindrance offered by a rigid body against angular motion, when a 
disturbing torque acts over the body.” 

Mathematically expressed as moment of inertia =I = (m)(r?). 
It is measured in kgm?, Moment of inertia depends upon 

(i) Mass of the body. 

(ii) Distribution of the mass about the axis of rotation. 

. Moment of inertia plays same role in angular motion as the mass in linear motion. 


A The equation t = I a is the rotational analogue of the Newton’s second law F = ma 


MOMENT OF INERTIA OF SOME REGULAR BODIES 


Hollow cylinder ~~ 
t=} MR? + Ry*) 


Rectangular plate 


n- i mR t= Gy MCa* + 6%) 


Long thin rod Long thin rod 
7% 1— met = rode 
L 


‘Thin spherical 


shell 
t.- 3 MR 
ANGULAR MOMENTUM 
ee Angular momentum is due to spin motion or orbital motion of a body, and is also called 


moment of momentum. 


KIPS ENTRY TEST SERIES 63 


www.educatedzone.com 


Circular Motion 


Chapte r-5 


ANGULAR MOMENTUM OF A PARTICLE 


The anguta: momentum rs the 
same al evary poston an 
catat When a mv=p ‘The angular momentum of a particle 


aac of mass m with respect to a chosen 


creases ass) 
axis is given by 
L=mvr sin ®@ 


or more formally by the vector 
product : 

L=rxp 
The direction is given by the right 
hand rule which would give L the 
direction out of the diagram. For a 
circular orbit, L becomes L = mvr 


Angular Momentum 
The angular momentum of a rigid object is defined as the product of the moment of 


inertia and the angular velocity. 
sense of 
rotation of 


the wheal 


Momentof Angular 
oe 


Inertia” locity 
=! x o 
Ap ‘The fight hand 
CIO wetermnotnr 
Ae am wantities.. 
vector. 
. Orbital angular momentum is greater than spin angular momentum of an electron. 


LAW OF CONSERVATION OF ANGULAR MOMENTUM 
Angular momentum is a conserved quantity only in isolated system. 


Ly = Lz EL =constant if and only if Dt, 


OR Th @1 = Ih @2 

. Total angular momentum of a particle’ or a syst i i 
y em, of 

provided no net external torque acts on it. ‘ee aa 
Applications 
. Wie a ermnatt closes her arms. while Standing on a rotating joy wheel, the wheel 
. a he i ds! oes down for the reverse just-to conserve angular momentum. 

liver has mi i i: 

ee ore rotation when she pulls her body into closed tuck 
* A ‘ 7 

Balance of a sport bicycle is maintained due to the conservation of angule 


momentum for its thin rotatin, 
ROTATIONAL K.E on 
. Rotational K.E is given by 


K.Erot = Ly @? 
2 
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Rotational K.E of disc 

1 1 
K.Erot = > mv2= = (KK.Etin) 

ar 5 (SE) 

Rotational K.E of hoop 

1 
KE > mv? = (K.Ehin) 
Velocity of hoop at the bottom of an inclined plane 


v= veh 
Velocity of disc at the bottom of an inclined plane 


{e) 


BANKING OF CURVED TRACKS: 
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TION IN A VERTICAL CIRCLE 
When a body being tied to a string is whirled in a vertical plane, its speed is different at 
different points of the circular path. 
In such type of motion, the tension in the string and the centripetal force acting on the body go 
on varying continuously. 
At the highest point A, the tension in the string is T, and the speed of the body is v, then 


2 
T, +mg = "4 where ris the radius of circular path. 
i T=, 
A 
A 

then mg= Ya. . 

ez. 
or vy=ver Y 


This speed of the body is known as/Gtitical speed and is denoted by v, UG iy 
v.= Ver A 


Incase v,<V¢, the body will fall down. 
Atthe lowest point B, let v,, be the speed of the body and the tension in the string T,, 


2 ne 
so that Ty-mg=—— or Ty=mg+—* 


Velocity at point B, vy = /Ser 
Velocity at point X and Y = vx = Vy = V3er 


vel curve the necessary centripetal force is provided 
by the force of friction between the tyres and the track (road or rail track). In case 
the frictional force, which acts as centripetal force and keeps the body moving along 
the circular path, is not enough to provide the necessary centripetal force, the 
vehicle will skid. To avoid the skidding of the vehicle the track is banked in such a 
way that the outer part of the track is raised a little above the inner side, which 


makes the track sloping tow’ 's the centre of the curve. 


When a vehicle goes round a le 
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ARTIFICIAL SATELLITES 


vw 
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The inclination ‘angle 0 is chosen in such a way that the Lr haat pCR Tr of 
the normal reaction provides the centripetal force and the vertical component of the 


reaction supports the weight (as shown in figure)i.c. 
R Reos 0 


Rsin 6 ” ae 
and Rcos@ ad Ca 
From (9) and (10) we have 
y? 
tand = 7 or @= tan? & vs (11) 
Under limiting condition i.e. for maximum speed for no skidding p = tan@, hence. _ 
rd 
Vex = Ver gor Vax =\/ 572 wes (12) 
where h is the height of the centre of gravity and d is the separation between inner and 
outer wheels: . 
Quantity Rotational relation 
Displacement s=r0 
velocity vero 
Acceleration a, =ra 
a,=ra 
Mass/moment Ga 2 
of Inertia am 
Force / 
Torque 


Kinetic Energy 


Momentum = 
L=rxp 


Power 

Work 
Impulse 
Equilibrium 


An object,revolving around a planet is called satellite 

Moon is natural satellite of Earth 

Moon's orbital angular velocity and spin angular velocity are same 

Aman made rocket or space ship revolving around the arth. is,called artificial satellite. 
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i Artificial satellite revolves around the earth due to force of gravity. 
é Critical velocity of an artificial satellite is v=/eR = 7.9 km s1 
A Period of such artificial satellite is 5060s or 84 min. 


Do you know? 


Geostationary orbit is also called parking orbit. 


Universal Gravitation: F=G mm 
r 
Acceleration due to gravity: g = oe 


G(4 
B= ($=) As mass (M) = volume ($2R? }censiy (p) 


Hence. g= SapGR 


VARIATIONS IN gq ; 
. Variation in g above the surface of earth 


GM GM 
g= SM i) Or g'= ; 
R’ ee (R+hy 
’ R_)_R 
~~ oe " z 
‘rom equation (i) and (ii) g' (8) 8a [As r=R+h] 


. As we go above the surface of the earth, the value of g decreases because g’ x is 
r 


. Ifr = o then g’ =O, i.e., at infinite distance from the earth, the value of g becomes zero. 


. Ifh << R, ie., height is negligible in comparison to the radius then ene 2 
B - 


So as we go above the surface of earth value of g decreases. 


. ‘| +: d=depth so as we go below the surface of 


earth the value of g decreases. 
© Variation in g Due to Shape of Earth: Earth is elliptical in shape. It is flattened at 
the poles and bulged out at ‘the equator. The Re radius is about 21 km longer than 


polar radius at equator 


GM 
As at equator g, = Rp 


‘ GM 
fi) and at poles g, = > 
R, 


R; & 
* From (i) and (ii) 2 =< 
; a R : %. 
tee Rohe as 


and Bote” Bequace 
pa g,=8.+0.018ms* 
C \ Therefore, the weight of body 
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increases as it is taken from equator to the pole. 
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REAL AND APPARENT WEIGHT i; 
Force with which earth attracts a body towards its center is equal to the peal ween ot the 


a i nt weight 
The force required to prevent a body from free fall is called its appare! ‘“ 7 
*  ” Real weight can never be zero while apparent weight may be equal to real weight or 


zero or greater than real 


. To ob: N of observer must be 
serve weightlessness, the frame of reference f obs ; 
e.g. weightlessness is 


that of satellite or should move like parallel to its fall. 


1 weight or less than real weight. 
the same as 


observed only by observer inside the lift not outside it. 


Ls Weight of object in a stationary or constantly moving lift is; w =mg 
2 Weight of object in an elevator accelerating upward is; w =(g+a)m 
w =(g-a)m 


Weight of object in an elevator accelerating downward is; 


Do you know? 


Ina lift we only feel.the difference in weights when the lift 
either start moving up or down, once constant velocity is 
achieved then weight variation become zero as well. 


ORBITAL VELOCITY 


Orbital velocity for a satellite is v= 


r 


This shows that mass of satellite is not important in describing its orbit. 
ARTIFICIAL GRAVITY 
. Artificial gravity is created by setting satellite into rotation about its own axis. 


. Artificial gravity is a reactional force, which gives impression of real gravity, when ae = g. 


. Frequency of rotation to produce artificial gravity, in a spaceship is; 
re [8 
2nVR 
. Time period of rotation to produce artificial gravity, equal of real gravity is; 


T= anf 
g& 
www.educatedzone.com 
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GEO-STATIONARY & COMMUNICATION SATELLITES 


A satellite whose position does not change w.r.t a certain point on earth is called geo- 
stationary satellite. 

Its orbital motion is synchronized with the rotation of earth. 

Geo-stationary satellite completes one rotation in 24 hours. 

Three geo-stationary satellites placed at 120° intervals about the equator can 
effectively cover the whole globe for communication, 


Radius of geo-stationary orbit is given by 


GMT? y" 
4n? 


Its value is 4.23x10*km from center of earth through the equator to the satellite. 


Height of geo-stationary satellite above the equator is 36000km. 
Kepler’s Third Law: The square of the orbital period of a planet is proportional 
to the cube of the mean distance from the Sun i.e: 7? «r’. 

The largest satellite commUnication system is managed by 126 countries and 
named as International Telecommunication Satellite Organization (INTELSAT). 


NEWTON'S & EINSTEIN'S VIEWS OF GRAVITATION 
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According to Newton, gravitational interaction is taking place between material 
objects-and is directly proportional to the product of the masses of the objects and 
inversely proportional to the square of the distance between their centre. 

According to Einstein, gravitational interaction is taking place between material 
objects and also between material object and electromagnetic radiation. 

According to Einstein, gravity follows the inverse square law, but when gravitational 
fields are very strong inverse square law does not hold. 

Einstein’s theory is more close to the experimental facts than that of Newton’s theory. 


Do you know? 
If the gravity and acceleration of light are precisely equal then gravity must 
bend light as measured in solar eclipse in 1919. 
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a The rotational K.E of hoop is 
an baa , han its translational K.E 


(b) half th 
(d) four times than its t 
dius. Their rotationa! 


(a) equal to its translational K.E 
(c) double than its translational K.E 
@. A hoop and dise have same mass and ra 
equation 
(8) K.Bhoop = K-Eatse 
(©) K.Ehoop = W2K.Edise 
@) The angular velocity of the minute hand of a clock is 


ranslational K.E 
| K.E are related by an 


(b) K.Enoop = 2K.Egise 
(d) K-Enoop = 4K-Eaise 


a ~t 

@ es rads"! (eo, rads : 
Qn d) rads" 

Ox" ) 500" 


(> Ifa wheel turns with constant angular speed then: 
E46) each point on its rim moves with constant velocity 
each point on its rim moves with constant acceleration 
(c) the angle through which the wheel turns in each second decreases as time goes on 
ual (d) the wheel tus through equal angles in equal times z 
© )) Aboy suddenly comes and sit on the circular rotating table. What wii: remain conserved 
a jangular momentum” “(b)linear velocity J 
5) (c)kinetic energy (d)none of these 
(6) According to Einstein, the gravity interaction is possible between > J 
(@)material objects only 
(by both material objects and electromagnetic radiation 
(c)electromagnetic radiations only 
(d)none of the above 


(1) Ten seconds after an electric fan is turned on, the fs i ¢ 
sea eheaeaiete iS fan rotates at 300rev/min. Its average 


(a) 30 rad/s* (bY3.14rad/s* 
(©) 30tevis? *(@) 500 revis? 
(8) The period of a circular motion is given by 
(a) T=rV (b) T=aw 
ONT = 220 (d) T =2n/@ 
(9) The direction of linear velocity of body moving in a circle i: 
(a) along the axis of rotation (b) along the fect 


(c) directed towards the center 


) di 
(10) When a body moves in a circle, (G) directed sway form the center 


the angle between its linear velocity and angulay velocity 


is always 
(a)180° ‘ | 
os a | 
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Qu) Amare of length equal to the circumference of circle subtends an angle 


(a)m radian (b) 2m radian 

(c) 2/2 radian (d) 47 radian 

(12) The relation between linear and angular acceleration is 
(a) a=axrv (b) a=txa 

(0) a=axr (d) F=axa 


(13) When a body is whirled in a horizontal circle by means of a string the centripetal force 


om) is supplied by 
(a) mass of a body (b) velocity of body 
_(c) tension in the string (d) centripetal acceleration 
(14) What remains constant when the earth revolve around the sun 
(a) Linear momentum (b) Linear K.E 
(c) Angular K.E (d) Angular momentum 
(15) The angular momentum of a body is conserved if 
(a) Force acting on it constant (b) Force acting on it is zero 
(c) Torque acting on it is zero (d) All of these 


((16), A stone is whirled in a vertical circle at the end of a string. When the stone is at the 
= highest position the tension in the string is 


(a) maximum ° (b) zero 
(c) equal to the weight of the stone (d) less than the weight of the stone 
(17) The angular speed of hour’s hand of mechanical watch is -------- radian per hours 
(a) 16 O- BE = Arodhio) wa 
(© w/l2 e (d) WB 


t=Ja for an object rotating about a fixed axis, where t is the net torque acting on it, I is 
its rotational inertia, and_a is its angular acceleration. This expression: 
\(a) follows directly from Newton's second law 
(b is the definition of angular acceleration 
(c) is the definition of rotational inertia 


(d) is the definition of torque ‘ 
(19) Ifa car moves with a uniform speed of 2 ms” in a circle of radius 0.4m. Its angular 


speed is ‘ 
(a) 4 rad. s \(by 5 rad, s 

(©) 1.6 rad. s* (d) 2.8 ms" ' 

A body can have constant velocity when it follows a Arie Aimeke 


(a) elliptical path (b) circular path —> 

o parabaile path \(dy rectilinear path ; 

A body moving along the circumference of circle, completes two revolutions. If the 
radius of the circular path is R, total angular displacement covered is 

(a)nR (b) 2nR 

©zero ‘ (d) 4 
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(22) A hoop rolls with constant velocity and without sliding along level ground. Its rotationa, 
kinetic energy 
(a) half its translational kinetic energy 
(c) four times its translational kinetic energy 


(23) Time taken by geostationary satellite to complete one rot 
(a) | year (b) | day 
(c) | hour (dy 84 min 

(24) The direction of angular momentum is along 


(a) Tangent to the circle (b) Inward the radius : 
(c) Axis of rotation (d) Outward of the radius » 


(25) Ifa wheel of radius r turns through an angle of 30°, then the distance through which any 


point on its rim moves is 


(b) twice its translational kinetic energy 
(d) the same as its translational kinetic energy 
ation around earth is 


z voy 
@ >t (byt 
x 3 
= d) — 
(c) at (d) 720° 
(26) In angular motion, Newton’s second law of motion is 
(a) F=ma (b) F=Ap/At 
t= la (d) all of above 
(27) Angular speed of second’s hand of a watch in rads” is 
(a)a b fa 
Nee ~ 
9 J ul 
= : wit 
30 ) 180 
(28) The angle subtended by an arc equal to radius is 
Re) rad (b) One degree 
(c) 1 Revolution (d) All 


09) What is outward force acting on a mass of 10) iT i i 
h when rot: ee 
string 10m long at speed of 1m/s? " i aie aaa 


(a) Me (by 10N 
(30) a hirl pe 
whirl a st ing i i i 
O° heneseia si et ioe of a string in the vertical circle, it is likely to break whe? 
: ei , a ‘ | 
(a) at the highest point ° ; \.(b) at the lowest point tt 3 se a 


Sh Lonny 
(d) at the point where gravity is not acting 
many satellites? : 

\(b) 24 artificial satellites 


(c) at any point during motion 
(31) Global positioning system consists of how 
(a) 24 Natural satellites 
(c) 3 synchronous satellites 
n (d) both “b” and “ce” 
(32) v i 7 
(32) ce of weight W 'S standing on an elevator which is a: i i ation 
¢ apparent weight of the man js sending wth an acre 
(a) mg 
FO) mg+ma 
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vay) A body moving in a circular path of radius r has tangential acceleration a,,and 


Oe 


G7) 


EN 
(G8) 
, 


(G9) 


centripetal acceleration a,. If the body is moving at constant speed v, what are the 
magnitudes of a, and a,? 


Tangential acceleration, a, Centripetal acceleration, a. 
rv 0 
2 
Male 0 
Qe vie 
0 vr 


An object of mass of 2 kg rotates at constant speed in a horizontal circle of radius 5 m. 
The time for one complete revolution is 3 s. What is the magnitude of the resultant force 


acting on the object? Veies 

4x? AOz ee) 
(a) ot LO Vi¥ 

2. Wz Sy¥2K = lon 

© ey @ 4007 N = 
A acate moving round the earth constitutes > x MooK 
(a) An inertial frame of reference (b) non inertial frame es axs 
(c) neither inertial nor non inertial (d) both inertial and non inertial = GOR 245 


A body of mass 10kg is rotating in a circular path of radius ‘r’ m with constant speed. 
The work done i in one complete revolution is 

(a) 10.3 rads’! (bY zero 

(c) 100 rads (d) 0.5 rads 

A monkey sits onthe pan of a spring scale keptinvan elevator. The reading of the spring 
scale will be maximum when the elevator 

(a) Is stationary (b) Accelerates downwards 

(©) Cable brakes and it falls freely towards the earthd)"Accelerates upwards 

A satellite moves at constant speed in a circular orbit about the Earth. Which statement 
about the momentum and kinetic energy of the satellite is correct? 


Momentum | _ Kinetic energy 
Qe +} (a) constant Changing 
# (b) changing Constant 
ey Changing Changing 
(d) constant Constant 


If Gy is the angle of bending of light predicted by Einstein’s theory of gravity and 0, that 
by Newton’s, then 


(a) 0, = 6, (b) 0, 
© 0, = 26, (d) no relation exists between @, and@, 
igs In the solar eclipse of 1919 A.D., bending of starlight was measured to be 
(a) 1.745 degree (b) 1.745 minute 
(c) 1.745 seconds dy1.745 radian 
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C apter-6 z Fluid Dynamics 


DYNAMICS 
| | 


Stokes law Terminal 
velocity 


Equation of 
Continuity 


Bernoulli's 


Fluid Flow ; 
equation 


Laminar Flow 


Turbulent 
Flow 


Blood Flow | 


FLUIDS 
. Liquids and gases can flow and are thereby classified as fluids. 
. The study of fluids at rest is called hydrostatics. 


. Fluid dynamics deals with fluids in motion. 
DENSITY 
. The density of a substance is defined as its mass per unit volume. 
Mass(M) ‘ 
Densit =———— 
¥(P) Volume(V) 
bd In M.K. S. System the unit of density is kg m°. 
PRESSURE 


due to fluid is the normal force exerted by the fluid on unit area 
ining the point. P wie(ey ee) 
containing the point. Press are) (A) 


* Pressure at a point 


ssure acts normal to a surface and it is always 


Ld Pressure is a scalar quantity. Pre : T > f : 
compressive in nature, therefore, only its magnitude is required for its complete 
description. : 

bs The S.I unit of pressure is Nm? and is also called Pascal (Pa). 

* The other common units of pressure are the atmospheric and bar. 


latm=1.013x105Pa = 1 bar= 105 Pa 
Thrust: The normal force exerted by a fluid on any su 
thrust. 


rface in contact with it is called 
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Paseal’s law: The pressure exerted by a liquid at a point is the same in all directions, This 
principle is used in a hydraulic jack or a lift where a heavy load can be lifted up by a smal 


force. 


Archimedes principle: A body that is partially or entirely submerged in a fluid, feels an 
upward force equal in magnitude to the weight of the displaced fluid. 

Buoyancy: (i) The upward thrust which any liquid or gas exerts upon a body partly or 
fully submerged in it, is called its buoyancy. (il) The point at which the buoyancy of 
a liquid acts on a body is called the centre of buoyancy or the centre of floatation. 
The magnitude of this upward buoyant force (B) is given by Archimedes principle. 
ie. B=Vpg 

Laws of floatation: 

. When w > w’, i.e., the weight of the bo 


displaced by it, the body sinks. 
When w = w’, i.e. when the weight of the body is equal to the weight of the liquid 


displaced by it, the body floats being wholly immersed anywhere in the liquid, 
When w < w, i.e., then the weight of the body is less than the weight of liquid 
displaced by it, the body floats on the surface of the liquid being partly immersed 
in the liquid. 

VISCOUS DRAG AND STOKES LAW 

Viscosity is the measure of the force required to slide one layer of aliquid over another, 
ST unit of coefficient of viscosity is Kgm:1s1 and dimension ML1T1 

Substance that flows easily like water ete has lesser coefficient of viscosity. 

The force experienced by an object while moving in a viscous medium is called drag force. 
The drag force in a medium depends on the Profile of the object and velocity of the 


same object and nature of medium 
Mathematically drag force can be related with above stated factors using Stoke’s law 


Fo=6r n rv. 

The Stoke’s law holds well at low speeds only for spherical bodies. 
TERMINAL VELOCITY 

When a spherical object falling gains a 
constant speed in a meditim then the net 
force acting on it is zero- and the 
corresponding speed is called as terminal 
velocity represented as 1 


vy, -(<-)m and v, = 2ee r 
6mnr On 


Where n is the coefficient of viscosity of the fluid. 

FLUID FLOW 

. In a fluid if every particle that Passes a particular point, moves along exactly the same | 
path as followed by particles which passed that point earlier then flow is called 
Streamline or laminar 

) Irregular or unsteady flow of the fluid is called turbulent flow | 
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dy is greater than the weight of the liquid 


Do you know? 
When an object is moving in a fluid 
at considerably higher speed then 
the force of drag is no more 
Proportional to the speed. 


| 


Cnapter-6 Fluid Dynamics 
characteristics of ideal fluid 


a It is non viscous i.e. 1=0 Do you know?. 
(i) It is incompressible p= constt At higher velocities of fluid flow the 
iii) Its motion is steady flow is turbulent and in this 


EQUATION OF CONTINUITY condition the exact path of fluid 
This equation is obtained by using law of conservation of mass of flowing of ideal 
fluid, and is written as; 


« PAW, = P2A,V; OR pAv = constant = "SS — mass flow rate of fluid. 
time 


volume ; 
—— = volume flow rate of fluid. 
time 


The flow of ideal fluid is assumed to be streamline flow. 
BERNOULLI’S EQUATION 


Bernoulli's equation is derived from conservation of mechanical energy. 


. A,v, =A,V, OR Av = constant = 


. Bemoulli‘s equation is P 4 pv? + pgh = constant 


. Fluid have three types of energies- 
(i) Potential energy = mgh or potential energy per unit volume = pgh 


(ii) Kinetic energys= finvi or kinetic energy perUnitivolume = $e v2 

(iii) Pressure energy»= PV or pressure energy perunit volume = P 

APPLICATIONS 

Speed of Efflux 

. Speed of efflux is determined by Torricelli’s theorem v= ,/2g (h,-h,) where(h, —h, )is 
height of fluid level from the orifice. This theorem explains streamline flow of ideal 
fluid under the action of gravity only. 


. Speed of efflux depends upon the height through which fluid falls under the action of gravity 
iJ Pressure of fluid increases if the speed of fluid decreases and vice versa, according 


‘ 1 
to the relation P +5ev" =constant. 


. An aero plane lifts due to the difference of pressure of air on its wings 
« Swing in cricket and tennis ball is also due to difference of pressure on its two sides 
* There is a danger that a person standing near a fast moving train to fall towards it. 
* Venturimeter is a device used to measure the speed of liquid flow 

; . saqin 1 
: Venturimeter works according to venturi relation which is Pi- Pa = piad 
* Mixing of petrol with air in carburetor is according to the Bernoulli's principle. 
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Do you know? 
i ide of the ball and 
icket players usually polish one si i 1 c 
ae ah other side of the ball to get the differential air 
pressure to swing a ball in air. 


The roughness of the ball's surface 
and the laces on the ball are 
important! With a perfectly smooth 
ball you would not get enough 
interaction with the air. 


BLOOD PRESSURE 

. Instrument used to measure blood Pressure is called sphygmomanometer. It 
measures blood pressure dynamically, 

. Blood pressure is measured in the unit of torr, 1 torr = 133.3 Nm-?=1mm of Hg 

. For normal healthy person the systolic pressure is 120 torr and diastolic pressure is 
75 to 80 torr. 

. At i ii : 

systolic pressure the blood flow is turbulent while it switches from turbulent to 


laminar at diastolic Pressure. 
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PRACTICE EXERCISE 


Which of the given has the least coefficient of viscosity 


(a) milk (b) water 

(c) tarcoal (d) engine oil 

The rain drop falling from the sky reach the ground with 

(a) constant acceleration (b) terminal velocity 

(c) constant pressure (d) variable acceleration 

Terminal velocity is 

(a) uniform (b) maximum 

(c) uniform and maximum (d) neither uniform nor maximum 
When body moves with terminal velocity the acceleration in the body become 
(a) zero (b) maximum 

(c) variable (d) infinite 

Terminal velocity is given by equation 

(a) v= erp (b) vi= 2grp/9y 

(©) v= eFp/9n (d) v= 9grp/2n 


A fluid is undergoing steady flow. Therefore: 

(a) the density does not vary;trom point to point 

(b) the velocity of any given molecule of fluid does not change 

(c)_he flow is not uphill or downhill 

(d) the velocity at any given point does not vary with time 

The flow of ideal fluid is 

(a) turbulent (b) along random path 

(c) along straight path (d) streamline 

The diagram shows a pipe of uniform cross. section in which water is flowing. The 
directions of flow and the volume flow rates (in cm’s™) are shown for various portions of 
the pipe. The direction of flow and the volume flow rate in the portion marked A are: 


ee eae 
an 


(a) | and 3em’/s (b) t and 7em’/s 

(©) tand Hem*/s (d) | and 15cm’/s 

When fluid is incompressible then 

(a) velocity of the fluid is constant (b) flow of the fluid is along straight line 
(c) density of the fluid is constant (d) volume of the fluid is constant 


An ideal fluid flows through horizontal tube of variable diameter. The pressure is lowest 
where the 


(a) velocity is highest (b) diameter is smallest 
(c) diameter is largest (d) both a and b 
XIPS ENTRY TEST SERIES 7. 
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tant is equal to 


(11) According to equation of continuity Ayv;= Azv2 = constant, the cons! 
(a) flow rate (b) volume of fluid 


(c) mass of fluid (d) density of fluid : 
(12) Equation of continuity is obtained by applying law of conservation of 
ty 
(a) mass (b) energy 
dug (d) all 


i {/ © momentum 

(13) Bernoulli’s equation is applicable to 
(a) flow of liquids 
(c) surface tension 

(14) Speed of efflux can be determined by applying 
(a) Bernoulli's theorem (b) Torricelli’s theorem 
(c) venture relation (d) stoke’s law 

(15) A constriction in a pipe reduces its diameter from 4.0em to 2 cm. Where the pipe is 
narrow the water speed is 8.0m/s. Where it is wide the water speed is: 


(b) viscosity 
(d) all of these 


(a) 16m/s (b) 32m/s 
(c) 4.0m/s (d) 2.0m/s 
(16) Ifa stream of air is blown under one of the pans of a physical balance in equilibrium, 
then pan may 
(a), go up (b) not effected 
(c) go down (d) none of these 
(17)__A man standing near a fast moving train may fall 
(a) over the train (6) away from the train 
(c) towards the train (d). on himself 
(18) For which position, maximum blood pressure in the body have the smallest value? 
(a) standing straight (b) sitting on chair 
(c) sitting on ground (d) lying horizontally 
(19) Two fog droplets have radii 2:3, their terminal velocities are 
(a) 4:6 (b) 4:9 
(c) 2:9 (d) 4:3 
(20) Bernoulli’s equation is obtained by applying law of conservation of 
rap (a) mass (b) energy 
(c) momentum (d) fluid 
(21) Venturi meter is used to measure 
(a) fluid pressure (b) fluid density 
(c) fluid speed (d) fluid energy 


(22) A large water tank, open at the top, has a small hole in the bottom. When the water lev" 
is 30m above the bottom of the tank, the speed of the water leaking from the hole 
(a) is 24m/s 
(b) is 2.5m/s 
(c) is 44m/s 
(d) cannot be calculated unless the areas of the hole and tank are given 
q 
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(23) 
aver 
4) 
(5) 
(26) 


@ 


(28) 


9) 


0) 


(G1) 
2 


(32) 


(33) 


(34) 


(35) 


(36) 


Stoke’s law is applicable if body has shape 


(a) rough (b) square 

(c) spherical * — (d) all of these 

The velocity of the flow of liquid through an orifice at the bottom of a tank depends upon 
(a) density of liquid (b) height of liquid above the orifice 
(c) gravity (d) both b and c 

Systolic pressure is called 

(a) lower blood pressure (b) higher blood pressure 

(c) normal blood pressure (d) abnormal blood pressure 
Instrument used to measure blood pressure is called 

(a) venturimeter (b) blood pressure 

(c) sphygmomanometer (d) sonometer 
‘A chimney works best if air exposed to the chimney is 

(a) stationary (b) moving 

(c) moving slowly (d) moving fast 

Which one is venturi relation? 

eee 1 
(@) Pi-Pa= > pv ) R-P= Sev 
() P+ sev = constant (d) both “a” and “b” 


The effect of the decrease in pressure with the increase of the speed of fluid in a 
horizontal pipe is known as 


(a) Bernoulli's effect. (b) Torricelli’s effect 

(c) Venturi effect (d) Stoke’s effect 

Ideal fluid is 

(a) non-viscous (6) incompressible 

(c) steady flow (d) possess all propertie: 
Laminar flow usually occurs at speeds which are : 
(a) low (b) high 

(c) very high (d) some time high and some time low 
For ————fiow the path of the fluid particles cannot be tracked. 
(a) laminar (b) streamline 

(c) turbulent (d) both (a) and (b) 
Sphygmomanometers measure blood pressure. ‘ 

(a) statically (b) dynamically 


(c) some time static and some time dynamic (d) none of these 
Carburetor of a car is an application of . : 
(a) Venturi meter (b) Bernoulli's equation 

(c) Equation of continuity (d) Torricelli's thedrem 

The blood flow is flow at systolic pressure 

(a) laminar (b) turbulent 

(c) mixed (d) none : ; 

A person blows across the top of one arm of a U-tube partially filled with water. The 
Water in that arm: 
(a) drops slightly 
(b) rises slightly 


(©) rises if the blowing is soft but drops if it is hard 


(d) remains at the same height : - 
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(37) Bernoulli's equation is applicable for 
(a) laminar flow (b) turbulent flow 
(c) static fluids (d) all kinds of flow 
(38) The density of human blood is nearly equal to 
(a) water (b) honey 
(c) mercury (d) oil (kerosene) 
(39) The speed of the fluid is maximum in the venture-meter at- 
(a) convergent duct (b) divergent duct 
(c) at end points _(d) at any point 
(40) Which figure shows correct representation of water level in capillaries attached with 
pipe in which water is flowing 
~ 
ee ea pee ———"ausatodzone.com 
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i os 


Periodic 


Motion 


[ 


‘| Pendulums | 


Sim ple 
pendulum 


Seconds 
Pendulum 


‘SHM and uniform 
Circular moiton 


Resonance 


Mass spring 
executing SHM 


Instantaneous 
isplacement 


Instantaneous 
velo 


Sharpness of 
Resosnace 


Instantaneous 
acceleration 


SIMPLE HARMONIC MOTION : 

Vibratory motion is that in which a body moves to and fro about a fixed position 

along same path. e.g. 

(i) Motion of simple pendulum 

(ii) | Motion of molecules of a solid 

. Simple harmonic motion{SHM) is.a special type of vibratory motion in which; 

i) aanx 

Hy ais directed towards mean position. 

. Restoring force is always directed towards mean position hence assigned negative sign. 
Periodic motion is that which repeats itself after equal time intervals. 


. 

. Vibration is one complete round trip of a body about its mean position. 

° Time period is defined as time taken by vibrating body to complete its one vibration 
and denoted by T. . 

. Frequency is number of vibrations per’second and denoted by f so f =; 

Its unit is Hz, other units are vibrations/s, cycle/s, rev/sec 

. Amplitude is maximum distance from mean position 

° Angular frequencyis @ = 2n/T > @ = 2nf 

. Phase is the angle which specifies the displacement and direction of motion of the 
point executing SHM i.e phase = 0 = at 

e Initial angle at t = 0,is called phase constant and denoted by @ 


° If phase constant -¥=90°, then displacement x=xo sin (at+90°) = xo cos ot» 2 


simpld} harmonic oscillator starts its SHM from positive extreme position. 
www.educatedzone.co' qh 
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A HORIZONTAL MASS-SPRING SYSTEM 
For spring, Hooke’s law states that; 
strain « stress (within elastic limits) 
Fekx 


Where k=—is called spring constant or force constant. 


x 
Ifa spring is cut into two equal parts then spring constant of each spring is doubled. 


Mass attached to spring has SHM. a= ety 
m 


For spring mass system doing SHM ‘@ = 3 
m 


an-x 


. Mass-spring system has S.H.M and we can trace its wayeform (pictorial display 


‘ between time and displacement for S.H.M) by following relation; 


, [=| 
x=x,sin | —|t 
T 


is Time Position. Velocity. Accel. -. 
is tw co “to EE PE 


4 <me 
hwwil 0 | xmax| 9 | max | 0 | PEmax 


Spring in Series ; Patt 
tie net of spring constant in case of the series combination is 
Lt 


kk, 
Spring . ee eee 
{in Parallel ¢ spring constant in case of the parallel combination is 
k=k,+k,+ - 


‘This behaviour of springs resembles with capacitances in series and in parallel combinations. 
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%- 
Uhapter-7 
. Time period of single mass attached to spring is given as; T= 2m) 
1 | 
To vm To—= | 
‘ | 


A es Selateitae 
Its displacement is given as; x=xosin@t : 
Instantaneous velocity of mass ‘m’ attached to a spring is given as; 


2 
= [Rre_w)e [Ex heave. I 
Vins = a(x -x )= Xy “ x 


. Maximum speed of mass attached to spring is given as; 
Vous = Vo = Xo 
m : - ; 
. Instantaneous velocity of spring - mass system doing SHM is proportional to 
2 


constant of proportionality being the maximum velocity. 


Sf __ Incase of vertical spring F =mg = kx 
- = ~ (Here x is elongation) 
g 


¢ Then time period T= ane 
8 


z Atmean At extreme Do you know? © 
ae posi ion maxes positon zero In aone complete vibration a body 


At mean At extreme y 
position is positions is covers a distance equal to four 
minimum maximum times of the amplitude. 


Acceleration 


MOTION OF PROJECTION OF A BODY MOVING IN A CIRCLE ON DIAMETER 


. Motion of projection of a body moving in a circle, on the diameter with constant 


speed is S.H.M 


. Its acceleration is.given as; ~ a=-@?x 
. F Sa ae 2n 
. Time period of projection is given as; T=— 
o 
. Speed of projection is given as; 


V=ovyr’ -x? where r = radius of the circle = amplitude of S.H.M 
° Projection speeds up when moving towards the centre of circle. 


. Projection slows down when moving away JSrom the centre of circle. 


* Uf speed g of body in circular motion js ot constant then projection does not hav? 


S.H.M but has vibratory motion, which is non-S,H.M. 
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1 SIMPLE PENDULUM 


It consists of a heavy point mass sus; igi 
s pended from a rigid support by means of 
almost weightless and inextensible string. “ i ° 


. Galileo invented simple pendulum. 
. Motion of simple pendulum is S.H.M if there is no damping. 
. Damping force reduces the amplitude of simple pendulum continuously and finally 


its motion is stopped. 


ce} 
. 


6 
mig sind mg MB cos8 
. In absence of damping force, restoring force on simple pendulum is given as; 
F, = -mg sin®, and for small amplitude oscillations F =—mg0. 


- Equation of acceleration of simple pendulum for small amplitude is; 


—) 


= 
Thus o= Vr for simple pendulum and does not depend on mass like the mass- 


spring system does. 
Time period and frequency of simple pendulum are given as; 


I 1 fg 
Pe Ble at 1B, 
Tyg nd oT 


If amplitude of simple pendulum is not small then, it has non-S.H.M as_a = -g sin® 
and we know that sin0= @ only when 0 is small. 
Pendulum Suspended in a Lift: If the pendulum is suspended. in a lift ascending 


x er U 
up with uniform acceleration ‘a’ then its time-period is T = 2n. aae 


If the pendulum is suspended in a lift descending down with acceleration ‘a’ then 


p 


T=2n 
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POINT/ Oo 
PON 


ONDE 
The time period of simple pendulum Is NOEL 


‘nt of its mass and its amplitude. 


Kinds of pendulum 
(a) simple pendulum. 
(b) compound pendulum or physical pendulum 


(ec) torsion pendulum _ 
° A second pendulum has following characteristics: 
Time period 2 seconds 
Frequency 0.5 Hz 
Length 0.99 or 1 meter 
ENERGY CONSERVATION IN SHM 
. Its K.E is given as; 
1 x 
K.Einst = oi kx? (-3] 
1,2 3 45 
(KE), =>kx It is at mean position. 
max Xo 
(K.E) min'= 0 It is at extreme position. 
os 4 
K Eig = (KE), [Hs Seto 


. Its P.E is given as; ms r 
PEig = Fg 
Be PAK 
1 
PE) = kx? 
(PE), = Shel : 


It is at extreme position. Ciaplecoment 
(P.E)min = 0 
It is at mean position. 
1 ; r ee 
. Total energy of system = Phas energy remain conserve in SHM In one vibration K.E. 


attains its maximum value twice. 
FREE & FORCED OSCILLATIONS 


. Oscillation of a system is called free vibration if it oscillates without the interference 
of an external force. 


. Frequency of free oscillation is called natural frequency of the system 


. When a system performs oscillation in the presence of external periodie force-its 
vibration is called forced oscillation. 


e A physical system under going forced vibration is known as driven harmonic oscillator. 


zone.com 
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DAMPED OSCILLATION 
‘Such oscillations in which the amplitude decreases steadily with time are called as 
damped oscillations. 

In shock absorber of a car critical damping is applied. 


. 
Maximum Vlauc +] Maximum Vlaue 


Maximum Vlaue — | Maximum Value 


(a) Damped Oscillations (b) Undamped or Sustained Oscillations 


. For Information ~ 

STRONG DAMPING 

CRITICALLY DAMPED 
UNDAMPED. 


x= dlaplacoment 


Underdamped 


RESONANCE 


Phenomenon of increase in amplitude of a body (capable of vibrating} under -the 


action of a periodic force whose time period is equal to natural time period of body. 
OR 


Specific response of a system to external periodic force whose time period is equal to natural 


time period of a body. 


Be te ee 
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OR 
Process in which one body transfers its vibrations to nearby body whose natura| 


time period is agreeable to it. 


Do you know? ; 
Damping is a process where by energy is dissipated 
from the oscillating system. 


° For tuning circuit of T.V or radio or mobile phone, electrical resonance takes place 


at following frequency; 
1 


© 2nVLC 

. Magnetic resonance imaging is a resonance phenomenon using radio frequency 
waves, Magnetic field. It is less damaging than X-rays imaging process. 

. Suspension bridge may break down due to vibration with increased amplitude 
caused by resonance. 

* We get tired on walking briskly because of forced oscillations fed into our legs for 
resonance. . 

. Loose parts of car produce noise at specific speed due to resonance. 

SHARPNERS OF RESONANCE. 

* > Amplitude__of _vibration 
decreases with damping force : Do you know? 

. Amplitude) of vibration ne j 
yematn constant ~ with microwave oven generates high frequency 


waves, which heat up water and fat molecules 
undamped force by large energy absorption, and hence food is 
. Smaller the damped force, cooked. 


sharper is the resonance 
and vice — versa. 
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aA 
ria PRACTICE EXERCISE 
ay » 
Lo 
a i vibratory motion 
af )) P.E. remains constant 
(c)total energy remain constant 
Q) The waveform of S.H.M. is 
(a) standing wave 
(enewere (d) rectangular waves 
@) Aoscillatory motion must be simple harmonic if: 
(a) the motion is along the are of a circle ; 
(b) the Potential energy is equal to the kinetic energy 
(c) the acceleration varies sinusoidally with time 
(d) the amplitude is small 
(4) In S.H.M, the velocity of a particle is maximum at 
(aymean position 
(b) extreme position 
(c) middle between mean and extreme position on the right side 
(d) middle between mean and extreme position on the left side. 
(5) The acceleration of a projection on the diameter for a particle moving along a circle is 


(b) K.E. remain constant 
(d) total momentum remain constant 


(b) sine wave 


(a) ax (b) ax® 
Lax @)-ox? : 

(6) ~ Total energy of a body executing S.H.M, is directly proportional to 

(a) square root of amplitude (b) the amplitude 

(c) reciprocal of amplitude _(dYSquare of amplitude 
(7) _ The time period of a second’s pendulum is 

(a) 4 seconds (b) 3 seconds 

(cf2 seconds (d) 6 seconds 


@®) The length of simple pendulum on the surface of earth is Im, its length on the surface of 


the moon, where g is 1/6 value of g on the earth is 


(a) Remain same (b) 6m 
((©);1/6m (d) 1/36m 
) “Tflength of a pendulum becomes four times, then its time period will become 
(a) four times (b) six times 
(c) eight time _(dytwo times ; 
(10) ‘The force responsible for the vibratory motion of the simple pendulum is 
Safmg sind (b) mg cos0 
(c) mg tanO (d) mg 


Ga The tension in the string of simple pendulum is. _ 7 
(a) constant (b) maximum at the extreme position 
(©maximum at the mean position (d) zero at the mean position 

(12) "The waves produced in microwave oven ah wwavelengtt of 
(@) 12m 2 
ey12 cm (d) 12 pm 


+ identical with that of 
vi The SI unit of force constant is identical “iD aaa 


force (d) loudness 


Pa €) surface tension 
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(14) When the amplitude of a SHM become double, its energy become 
(a) double (b) four times 
.  (c) one half (d) none time 
(15) A particle oscillating in simple harmonic motion is 
(a) never in equilibrium because there is always a force 
(b) never in equilibrium because it is in motion 
(cy’in equilibrium at the center of its path b 5 
equilibrium at the ends of its path because its velocity is zero there 
(16) The energy of SHM is maximum at 
(a) mean position 
. (c) in between mean and extreme 
(17) Ifa hollow bob of a simple pen 
as time period 
(a) increases continuously 
+) (c) remain same 
(18)/ Which one is the correct graph betwee! 


(o) (@) : 
x 
; an ma x 


(19) The displacement of SHM is written as x = xp sint. If displacement is written by x= %» 
cos wt then phase constant will be equal to 


ecause the acceleration is zero there (d) in 


(b) extreme position 
(dy all positions during SHM _ 
dulum be filled with mercury that drains out slowly, its 


(b) decreases continuously 
_.(d) first increases then decreases 
fn acceleration ‘a’ and displacement ‘x’ for SHM? 


(a) 0° (b) 45° 
90° - (d) 180° 
(20) ‘For what displacement the P.E of SHM becomes 1/4 of its: maximum value? 
+ @) X= x0 . (b) x = x0/2 
f (©) X=Xo/4 (d) x=xo/2_ 


(21) KE and P.E of a spring’ mass system éxecuting SHM become equal at which 
displacement? (A being the amplitude) " 


é a 1 
(@) +V2A 6) tA 
Se 
1 
(c) t-A . as 
he 2 : sre" 
(22): hides body executes simple harmonic motion, its acceleration at the ends of its path 
ye: 
& (a) zero (b) 
greater than g 
Ea ; | AS less than g (d) none of these 
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23) Which of the given equation is correct in SHM 


1 
@) TE= 5h,” () TE = KBigy. 
(©) T.E= PE, (dyall are correct 


(24) Phase of SHM describes 


(a) displacement only 

(b) direction of motion only 

(c) both displacement and direction of motion 
(d) neither displacement nor direction of motion 


(25) Natural frequency of simple pendulum depends upon 


(a) itsmass (b) its length 
(c) square of its length (d) “square root of its length 


(26) The amplitude and phase constant of an‘oscillator are determined by: 


‘ay both the initial displacement and velocity 
(b) the initial velocity alone 

(8X the initial displacement alone 

(d) the angular frequency 


(27) Total distance traveled by bob of simple pendulum in-one vibration is equalto - 


(a) amplitude (b) square of amplitude 
(c) twice of amplitude : -(d) four times of amplitude 
(28) When K.E of SHM is maximum, its 
(a) P.Eiszero (b) acceleration is zero 
(c) restoring force is zero -(dyall P.E acceleration & restoring force are zero 


9) Asimple harmonic oscillator consists of an particle of mass m and an ideal spring with spring 


(0) Forced vibrations are known as 


t 


ky 


constant k. Particle oscillates as shown in (i) with period T. If the spring is cut in halfand used 
with the same particle, as shown in (ii); the period will be ~ 


@ i) 
@T "wT! 
[on = (d 27 


(b) natural vibration 
(d) free vibration 


(a) simple harmonic vibration 
(cy driven harmonic-vibration 


{1 _A resultant force F acts on a particle moving with simple harmonic motion. Which graph 


shows the variation with displacement rof force F? 


a ' 
a . Nv Ni 
) ) °) 


° 
6 


F 
7 : 
° 


, ( (@ 
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32)’ The graph shows the shape at a particular ins 
~ along a string. 


ant of part of 


isons alony si 


he string is correct? : 
r is at point .Q is always zero 
\ a) The speed at point P is amaximum ~ — (b) The mee point § rupee eg 
(c) The energy at point R is entirely kinetic (d) The ace! ee aed 
(33) A simple harmonic oscillator has a time period of 10 seconds. 
acceleration a and displacement x? 


‘ 2x) 
(a) a=-10x oy a-(% x 
(d@) a=-(207)x 


Which statement about the motion of points in t 


(©) a=-(202)' x 
The projection of the particle moving in a circle with non-uniform angular Speed 


co) 
executes. : ‘ 
@ SHM _(b) Vibratory motion 
\ XeFBoth (b) and (4) x fNon'S.H:M 7 
(35) “Iran oscillator starts vibrating from negative extreme, its phase constant will be- ~~ 
@ z a (b) mrad 
Oe rad @o 
aos 
G6) Fora'simple pendulum the restoring force is caused-by. «= + 
/ gravity (b) spring 
() hand yall of these 
(37) The distance covered by a body in one complete vibration is20em. ‘Whatis the amplitude of 
body AtAYAsA= 4) 
(a) 10cm (sem ° 
© 15cm @ 7.5em 
(38) ; Ifthe mass of the spring-mass oscillator become half the squared frequency will be 
{ Quadruple ia (b) Half 
|. \{e) double ay remain same 
39) In case of a simple pendulum, the cause of damping is 
’ Saf drag force of air (by gravity 
(c) tension in string (d) none of these 
(40) The energy absorbed by a body is at resonance. 
; peal i 
(a) maximum as well minimum (b) minimum only 
(S maximum only (4) zero 
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Waveg 


INTRODUCTION 


Wave is due to disturbance created in a medium. 
Waves transport energy without transporting matter. 


CLASSIFICATION OF WAVES 


Visible 
waves 


sound waves 
matter 
waves 


string 
waves 


Do you know? 


In case of mechanical waves we deal with the 
cooperative motion of a collection of particles. 


WAVES 
(on the basis of 
nature) 


Mechanical waves Electromagnetic waves 
(reauire medium for (do not require medium for 
Propagation) propagation) 


ris stri Radio ‘ 
waves ring waves} | water waves} Pes Heat waves | [Light waves} 


RESSIVE/TRAVELING WAVES 
Traveling wave is that which 
specific direction. e.g, 

Waves on a string 

Waves on a water surface 


PROG! 


(i) 
(ii) 


Propagates or distributes its pulses in space alo 
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PERIODIC WAVES 


rela waves are those, which are repeated in regular interval of time 
eriodic wave may b.: transverse or longitudinal. 
For transverse waves the displacement of the medium is perpendicular to the 


direction of propagation of the w: i i 
ectior F ave. A ripple i 
easily visualized as transverse waves. Ep gn oer ages renee 


Displacement 
. t Velocity of 
Propagation 

on @ stnng, on the surface of 

aliquid, and throughout a solid, 
ranaverne eves cannot. propagate ina gas or a liquid because there is no 
mechanism for driving motion perpendicular to the propagation of the wave. 
In longitudinal waves the displacement of the medium is parallel to the propagation 
of the wave. A wave in a "slinky" is a good visualization, Sound waves in air are 
longitudinal waves. 


‘Transverse waves may occur 


Velocity of 
Propagation ———— 


Dssplacoment <=> 
In fluids, transverse waves:die out-very quickly and usually cannot be produced at all. 


TRANSVERSE PERIODIC WAVE 


In a time interval equal to time period, a 


particle in the wave travels @ distance equal Do you know? 

to wavelength. The waves -transport both 

For all waves v=fA energy and. momentum in a 
medium. 


The particles in the wave separated bya 
distance which is integral multiple of i.e. 
nA are in phase motion with each other. 


F : 1 
The particles separated by a distance which is odd multiple of 4 i.e: (* +i)aare 


out phase to each other. 


SOUND 

* A vibrating body produces sound waves (% = 1m). 

: Three things are essential for the detection of sound. 
() Vibrating body for production of sound 

(i) Medium for propagation of sound 

(iii) Listener (ear) for the detection of sound 


Aunospheric 


= Propagation of 
‘St alr molecules ore 


id with sound. 
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Sound waves are longitudinal waves having three dimensional propagation in air, 
. Longitudinal sound waves consist of compressions and rarefactions. 


. Compression is a region where crowding of particles of medium is maximum, 
WAVE SPEED (m/S) 
EM waves 300 000 000 


Wave, 


Sound in air 340 
Sound in water 1500 
“Sound in steel 5000 


Rarefaction is region where crowding of particles of medium is minimum, 
Sound waves produce Reflection, Refraction, Diffraction, Interference but not polarization, 
because sound waves are longitudinal. 


* SOUND INTENSITY j : 
Sound intensity is defined as the sound power per unit area. The usual context is the 


measurement of sound intensity in the air at a listener's location. The basic units are 


watt/m? or watt/cm?. : s 
The most common approach to sound intensity measurement is to use the decibel scale; 


dB) = rotoxu| 4 ] Intensity in decibels 
VELOCITY OF SOUND IN AIR 
. Speed of any mechanical wave is found by the following formula 
v EE where E = modulus of elasticity of medium, p=density of medium 
f Pp 
“* In gases, sound travels in the form of compressional wave; and gases have bulk 
modulus of clasticity. So for gases, we get- i 
v= Ea 
p 
. Bulk modulus of elasticity is ratio of stress to volumetric strain 
E P 
Ee 
; bu = 7 
Sg v 
oe Newton proved that for air the isothermal modulus of elasticity is E,ux=P, and 


speed of sound is V ~~ 


p 
. At S.T.P the speed of sound in air is 


v= Pe 
= 3 where d = density of mercury) 


76x13,6x98] 
0.001293 
= 28100 cm/s 
= 281 m/s 
’ Whereas experimental value is 332 ms-!, 


oe Percentage error in Newton’s calculation was 16 z 
'S % i 
Propagate through air isothermally. one of ere 
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Laplace corrected Newton’. ir “ 

. rected n’s formula by proposing that “sound wave does not 
propagates in air isothermally but adiabatically.” e 

% Laplace’s formula is given as; 


v= 


where yP = Ex.4 nods, =adiabatic elastic modulus of fluid. 


¢ , 
Y= c = 1.42 (for air) 


. Experimentally it is found that 
each 1°C rise in temperature. 


Effect of moisture | - 


Water vapours are lighter than air, thus the Presence of moisture in air reduces 
density and hence the speed of sound increases in such cases. 
Dependence of velocity of sound 


speed of sound increases by 0.61 ms-! or 61 cms-! for 


(i) V is independent of pressure 
1 
(i) va 
vp Do you know? 

(iii) ~=voVT The speed of sound in hydrogen is four times 

¥ Tr 2 more than the speed of sound in oxygen at same 
(ivy) t= [ot temperature 

¥, VT, 


(vy) ¥, =v, +0.61t 
PRINCIPLE OF SUPERPOSITION 
When two or.more waves reach a point.of the medium simultaneously then the 


resultant displacement at that point of the medium is equal to sum of the individual 
displacements produced by each wove. This is called principle of superposition 


Yiotat = Yrt¥2 Yat...0.-. +Y, 

APPLICATIONS ‘ 
Interference: a ; ; 

Itis produced by superposition of two waves of same frequencies, which are traveling in 

the same direction. 
Beats: ‘ 
These are produced by two waves of slightly different frequencies traveling in the 
same direction 


Stationary Waves: 
Sta ry Waves: ‘ . 
These are produced by two waves of equal frequency and equal amplitude traveling 


along same line in opposite direction. 


INTERF! UND 
rea up) of two identical sound waves while passing through same 


medium propagating along same direction is called their interference. 


fonditions for interference 


coherent waves 


Same medium 
(i) same direction 


(iv) identi 
lentical waves 
w uld be close to each other 
"Stree fend should be one eh tte eho, 2 
ru 7 


that the resultant is a louder sound. 
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Condition for constructive interference 


Path difference = na where n = O41,42).0000000 i Gntaeed 
. In ihe ih interference, two interfering sound cancel each other hat 


the resultant loudness of sound wave is be 


Condition for destructive interference 


Path difference {. +i) where n = 0,41,42).. 


come fainter. 


. Echoing zone is region of constructive interference 
i i i ive interference : 
. Silence zone is region of destructive inte! Serves i cciel pire weve tn seachily 


. Path difference is the difference between lengt 
the same point. 


a periodic alterations of sound between maximum and minimum loudness are 
Bees s having slightly different 


ition of two wave: 
Beats are produced by the super pos! ; re 
frequencies traveling in same eager same Seri 

is its per sect a 
. Beat frequency is defined as number o! beat : ; 
. iene difference -between frequencies of producing beats is equal. to beat 
frequency fey =|, -fal 
Waves in step 


Two sound waves with each other Waves out of step 
‘with slightly different with each other 
frequencies \ mos 

MIAMI rime Do you know? 


Displacement 


If frequency of a tuning fork is 
32 Hz then after 3/4 sec, it 
will complete 24 vibrations. 


The two waves interfere 


constructively when they are in step "™" 


and destructively when they are a half-cycle out of step. The 
resultant wave waxws and wanes in intensity, forming beats. 


Maximum detectable beat frequency for normal human ear is 10Hz. 


g Beats are used to: 


1- Determine unknown frequencies 
2- Tune musical instruments D. ki 2 
REFLECTION OF WAVES jo you know 
All kinds of . The reflected wave has the same 
inds of wave shows reflection wavelength and frequency but its 
. When reflection of wave takes place from phase may change depending on 
denser boundary, the phase of waves the nature of reflecting medium. 


reverses. In this case, reflection co-efficient-is. 
ical and transmission co-efficient is 
Imost zero except ic issic i i 
poles pt for quantum mechanical transmission of particle from potential 
e boiek ae borset ad place from rarer boundary, there is'no phase reversal. In this 
a co-efficient ai issic ie i ; 
TRANSMISSION OF Wate ind transmission coefficient have considerable values 
. Practically amplitude of trans 
some of energy of incident 
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Frequency of transmitted wave is same as that of incident wave but its velocity 
depends on density of medium as given below; 

1 


vic 
we 


Since velocity of transmitted wave is different from original wave, therefore, wave 
length (A) changes as frequencies of both waves are equal 

STANDING WAVES 

Super position of two identical waves traveling opposite to each other in the same 
medium simultaneously, gives rise to stationary or standing waves 

Both constructive and destructive interference takes place in the formation of 
stationary waves, 

Points of constructive interference are called antinodes while points of destructive 
interference are called nodes as shown 


Antinodes 
standing waves 


. Amplitude is maximum at antinodes and minimum (zero) at nodes. 

. Nodes are stationary points whereas antinodes are points that vibrate with 
maximum amplitude. 

. Two consecutive nodes or antinodes are separated by distance equal to A/2 and an 
antinode and its consecutive node by A/4. 


2 Do you know? 
The energy stored in anti nodes at their extreme position is 


wholly potential while at equilibrium position the energy stored 
is wholly kinetic but total energy remains the same. 


Nodes 


— 4—_, 


2 


STANDING WAVES IN STRECTHED STRING 

. At fixed end of string always node is 
formed while at free end of string 
always antinode is formed. . Do you know? 

* If string is fixed at both ends, then The speed of stationary waves is 
number of nodes is one greater than independent of the No. of loops. 
no. of antinodes. N = A+1 

* _ Ifstring is free at one to end, then no. 

of antinodes is equal to that of nodes. A= N 

Speed of string wave is 


ve fE FI 


m is called linear mass clensity. : 
* Only the following quantized frequencies of transverse stationary waves on 


Stretched string can be produced. 
fh=n fi, m1, 2) Spin 
1 
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f, is the lowest frequency (fundamental or basic frequency) at which first stationary 
wave is formed. 
multiple of fundamental 


All other frequencies (fx, f3,....f) which are integral 
frequencies are called overtones or harmonics. 


STANDING WAVES IN AIR COLUMNS, 
Standing waves in pipes 


‘a sound into a long tube. 
Dust in the tube can show nodes and antinodes, 
— Nodes are half a wavelength apart. So are 
we x2 antinodes. Maximum amplitude shows 
maximum pressure variation and minimum 
inode). Minimum 


loudspeaker ’ 
motion of air (pressure ani 
fe shows minimum pressure variation 


Closed pipes 
‘Aloudspeaker sends 


Ata lower frequency, the wavelength is longer ‘amplitud: 
, a eel and maximum motion of air (pressure node). 
M2 


M2 


‘The fundamental: The lowest frequency which 


to twice the length of the tube 


Pipes open at both ends 


‘Sound can be reflected from an open end as 
well as from a closed end, 


This is how open organ pipes and flutes work, 


Pipes closed at'one end are shorter, for the 
same note. 


Acclarinet Is like this. An oboe Is too, but with 
a tapered tube. 


‘Some organ pipes are stopped at one end. 


Frequencies of standing waves 


pipes open or closed at both end: 
pipes open at one end 


string both ends 
length L Luanne Lm (2n=1) 4/4 
fundamental fe vial fe vise 


harmonics 2 a 
ot 


where n = 1,2,3......, 
Fund u 
: rp plo opt of open pipe = 2 x fundamental frequency of closed pipé 
d open pipe = 2 x No, of harmonics in\closed pipe 
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DOPPLER'S EFFECT 


Point To ponder 


organ pipe behaves as antinode while the closed 
4n case of stationary waves through organ pipe. 


The open end of the 
end behave as node 


+ Doppler’s effect was discovered by Doppler, 
- Apparent frequency of sound h 


an Australian physicist, in 1845. 
n eard by stationary list due t i 
towards hin af speed "u,'ic iver ry ry listener due to source moving 


f=|— Je fof 
v-u, 


+ Apparent frequency of sound heard by stationary listener due to source moving 
away from him at speed ‘u,’ is given as; 


f'=|— fi<f 


v+u, 


. Apparent frequency of sound heard by a person moving towards a stationary 
source with speed ‘uo’ is given as; 


fio{ the } f f>f 
v » 
. Apparent frequency of sound heard»by a listener moving away from a stationary 

* source with speed ‘uo’ is given as; 
s 4) f f<f 


. When source and listener move in same direction, then frequency of sound heard by 


listener is given as; ; a" 
fi=| YoY: |p 

vt+u, ‘ 
Where v = true speed of sound us = speed of listener us = speed of source oe 


s When source and observer are moving away from each other, then frequency of 
sound heard by listener is given as; 


pe ( tu. }r 
v-u, 


i! Light observes Doppler’s effect too. 

Applications of Doppler’s effect 

() Ships and submarine (sonar devices) 

() Bats (for traveling) 

(iW) Radar (for detection) 

(ly) Determining velocity of a star w.r.t earth 

\) to monitor blood flow in major arteries. a 

. When a star is moving away from Earth then wavelength of light increases and red 
shi is observed 

= Whee Gee towards the Earth then wavelength of light decreases and 


blue shift of spectrum is observed 
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(1) Which of the following is not the property of sound? 


(a) It can travel in vacuum (b) It is reflected tate 

(c) It shows phenomenon interference (d) It is propagated as longitudinal wave 
(2) The waves that require a material medium for their propagation are called 

(a) matter waves: (b) electromagnetic waves 


(c) carrier waves (d) mechanical waves , 
(3) A sinusoidal wave is traveling toward the right as shown. Which letter correctly labels 
the amplitude of the wave? 
— a —— 
f ' 


' rE 


cI 


(@A byD 

()B @c ; 

When two identical traveling waves are superimposed, the velocity of the resultant wave 
(b) increases . 


4) 


(a) decreases 
feyremains unchanged (d) becomes zero 
) “In vibrating cord the points where the amplitude is maximum, are called 
(ay antinodes (b) nodes 
(d) crests 


“‘(c) troughs 
(6) _ Echo is the phenomenon of 


(a) interference of sound (b) reflection of sound 


(c) refraction of sound (d) none of these 
(7) The speed of a sinusoidal wave on a string depends on 
(a) the length of the string (bythe tension in the string 
A (c) the wavelength of the wave (d) the frequency of the wave 
“(&— Ifstretching force T of wire increases, then its {1 equency 
{ @) decreases Oy farcases 
Se¥ remains the same (d) any of above 


(9) — Astationary wave is set up in the air column of a closed pipe. At the closed end of the pipe 
(a)always a node is formed 
(b) always an antinode is formed 
(c) neither node nor antinode is formed 
(d) sometimes a node and sometimes an antinode is formed 

(10) A source of frequency f sends waves of wavelength 4 traveling with speed v in some 
medium. If the frequency is changed from f to 2f, then the new wavelength and new 


speed are (respectively): 
(a) 2a, v (b) 1/2, v 
(c)A,2v (d) A, w/2 
(11) According to Newton sound travel in air under the conditions of which type of process? 
(a) adiabatic (b) isothermal 
(c) isobaric (d) isochoric 
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Beats are a result of 
() (Diffraction 
(b) Constructive interference 
(c) Destructive interference 
(d) Alternate constructive and destructive interference 
68) Velocity of sound in vacuum is 
_(y) 332 ms (b) 320 ms 
 fefZero (d) 224 ms"! 
(14) Increase in velocity of sound in the air for 1°C rise in temperature is 
(a) 1.61 ms (b) 61.0 ms? 
(e¥ 0.61 ms (d) 2.00ms"! 
(15) Energy is not transferred by 
(a) Longitudinal wave (b) Transverse waves 
. (©) Stationary waves + (d) Electromagnetic waves 
(16) On loading the prong of a tuning fork with wax, its frequency 
(a) increases -b) decreases 
(c) remains unchanged (d) may increase or decrease 
. (17) The velocity of sound in air would become double than its velocity at 0°C at temperature 
- (a) 313°C (b) 586°C 
(c) 819°C (d) 1172°C 
(18) Fully constructive interference between two sinusoidal waves of the same frequency 
occurs only if they 
(a) travel in opposite directions and are’in phase 
{b) travel in the same direction and are in phase 
(c) travel in opposite directions and are 180 out of phase 


(d) travel in the same direction and are 180: out of phase 
(9) For ultrasonic waves 


(a) frequency is in the audible range (b) frequency is greater than 20 kHz 
(c) frequency lower than 20 Hz (d) all of above 
20) A String, clamped at its ends, vibrates in three segments. The string is 100cm long. The 
wavelength is: 
(@) 33.3em (b) 150cm 
66.7cm (d) 300em 
Qu) 


The number of beats produced per second is equal to 
(a) the sum of the frequencies of two tuning forks 
(b) the difference of the frequencies of two tuning forks 
(c) the ratio of the frequencies of two tuning forks 
(4) the frequency of either of the two tuning forks 


A Wave in soft string reflects from a-hard steel. rod. Its phase difference relative to 
incident wave will be 
(a) 0° (6) 90° 


(eF180° _. (a) 76° 
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(23) _ Silence zone takes place due to 


(by destructive interference 
(d) resonance 


(a) constructive interference 
(c) beats 

(24) Doppler effect applics to 
(a) sound wave only (b) light wave only ; 
(cy both sound and light waves (d) neither sound nor light wave 

(25) An organ pipe with one end closed and the other open has length L. Its fundamenta 


frequency is proportional to: 


-@L by 1/L 
ov @ vz 
(26) To monitor blood flow: through major arteries, ultrasonic waves of which frequencies 
are employed? 
(a) Sto 10 Hz (by 5 to 10 MHz 
(c) 15 — 100 MHz (d) None of these 
(27),’ Which one is the correct relation for fundamental frequency of open and closed pipe? 
wot @ fopen =2 fee (b) fedsed = 2fopen 
(©) fopen = felosed () fopen = 1/ fetosea 
(28) In open organ pipe : 
(a) only even harmonics are present (b) only odd harmonics are present 


\() both even and odd harmonics are present (d) selected harmonics are present 
(29) Which one is the’correct relation for speed of sound? - 
(8) Vnvewton = Veaplace (b) Vivewton = YVaplace 
(©) View = VY Vogue NO Voice = 1 Vion 
(30) Progressive waves of frequency 300 Hz are superimposed to produce a system of 


stationary waves in which adjacent nodes are 1.5 m apart. What is the speed of the 
Progressive waves? 
(a) 100 ms" \() 900 mst! 
(c) 450 ms“ (d) 200 ms 
(31) A source of sound moves towards a stationary observer with a speed one third that of 


sound. If the frequency of the sound from the source is 100 Hz 
of the sound heard by the observer is eee 


(a) 67 Hz (b) 100 Hz 
aif \G) 150 Hz 75 Hz 
{32) The source is moving towards a stationary observer then the pitch of the sound will 


(a) Sometimes increases and some times decreases 
(b) Remains constant 
(c) Decrease 

-(d)increase 
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(3) 


G4) 


65) 


(6) 


Bh 


(40) 


2.) 


Newton formula estimated the speed of sound 

(281 ms? (b) 333 ms 

(c) 340 ms (d) all of the above 

Laplace found that the alternate compressions and rarefactions produced in sound 
waves follow 

(a) isothermal law \(by“adiabatic law 

(c) isochoric law (d) all of the above 

For destructive interference of sound waves the path difference between’ two interfering 
sounds should be 


1 
a a 
(a)n . {b) (n+) 


(c) some time nd and some times (« +i} (d) none of these 


The speed of sound in hydrogen is time than that in oxygen 
(a) Two times (b) Three times 
ey Four time (d) Six time 
The beats frequency (sensible) for a human ear is 
(@) 24Hz Af 10Hz 
(c) 12Hz (4) 16Hz 


The speed of stationary waves in a stretched string are independent of 


(a) Number of loops (b) Tension in the string 


(c) Point where string is plucked \(dy Both (a) and (c) 
The audible frequency range will be maximum for 

() Dog : (by Dolphin 

()Bat (d) Cat 


, 
Which phenomena can be applied to estimate the velocity of star with respect to Earth 


AS Doppler’s effect (b) Interference of waves 
(c) Beats phenomena (d) All of these 
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WAVE FRONT AND RAYS 


A Wave front is a locus of points which have same phase of vibrations. 
é Following are the types of wave front; 
spherical wave front: 
Set of points, which determine the surface of sphere, 
Cylindrical wave front: 
Set of points, which determine the surface of cylinder. 
plane wave front: 
A small part of spherical or cylindrical wave front at very large distance from source of light 


. Point light sources produce spherical wave fronts. 

. When a point source is placed at focus of converging lens, plane wavefronts are 
obtained in laboratory. 

. Plane wave fronts reach from the Sun to the Earthyas the earth is far off from the sun. 

. The distance between two consecutive wave fronts is one wavelength. 

. A line normalto'the wave front including the direction of motion is called a ray of light. 


Do you know? 
A point source of light placed at principal focus of convex lens will produce a plane wave. 


HUYGEN’S PRINCIPLE 
(i). Every point on wave front acts as a source of secondary spherical wavelets, which 


propagate in forward direction with speed of light. 
(ii) Position of new wave front is tangent envelope to all of secondary wavelets. 


(iii) Radius of hemisphere = cAt 


TaHIL 5 I 
Fav 


There is an infinite number of secondary wavelets present on wave front. 


* Light ray is associated with direction of flow of light energy. 
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. In a homogeneous medium, the energy of wave is transmitted equal in all sides 
wave front remains spherical for long distance 
INTERFERENCE OF LIGHT 
Interference is a superposition of two light waves of same frequency and same amplitud, 
propagating in same medium along same direction very cl 


ang 


lose to cach other. 


. For constructive interference, light waves reach a point in phase and their pat, 
difference =nA ar 
. For destructive interference, light waves reach a point in out of phase and the; 


path difference = (ane) 


Conditions for interference of light 


(i) Monochromatic (Having single wave length) 
(ii) | Coherence (Having constant phase difference) 
(iii) Same direction 

(iv) Same medium 


(v) Very Close to each other. 
but by using filters it is possible to 


. There is no perfect monochromatic source, 
produce a source that gives light whose wavelength differ by +5x10710 m 

. If phase difference between two waves remains constant, then interference pattem 
will be stationary on screen otherwise it will change continuously. 


. For two ordinary sources, no interference pattern is obtained, because the phase 
changes rapidly and irregularly (that’s why to get two coherent waves a single beam 
of light is split into two or more beams). 

. Optical path is equal to product of refractive index of medium and distance covered in cir. 

*Qptical path =.nd \ 
. where ‘n’ is refractive index and ‘d’ is path in air. 
YOUNG'S DOUBLE SLIT EXPERIMENT 
. Path difference =d sin 8 
. For bright fringes; 
dsin @ =m’ 1* bright fringe at m=0 ° 
. For dark fringes; 


d sinO= (am+i)4 1st dark fringe at m = 0 


tan@ =~ 
D 


For distant screen 
assumption 


tan@ = sin@ = 0 = Ba 


Assumption of Infinite 
source distance gives 
plane wave at sit so 
that all amplitude 


Condition for maximum 
dsin@ = mA 


a= slit width x= a 7 


a j= maD - 
m= (position of mth bright fringe) 
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(position of mth dark fringe) 


(wavelength from bright fringe) 


D 
e A=2y, Qmsna (wavelength from dark fringes) 


» Distance. between centers of two consecutive dark fringes or bright fringes is called 
fringe width. 


aD ' 
F.W= ar (applicable both for bright or dark fringes) 
lons to widen the interference fringes 


FW. «A (to increase A) 
FWe«D (to increase D) 
FWe«1/d (to decrease d) 


INTERFERENCE IN DIFFERENT TYPES OF THE FILMS 


. Thin film of refracting medium having thickness comparable to the wavelength of 
light rays e.g. 

(i) Oil film on water (ii) Soap film (ii) Air film 

. When exposed to white light, thin film produces colorful pattern due to interference. 

. When exposed to monochromatic light, only bright and dark fringes are obtained 

Classification of thin films . 

Uniform or parallel thin films; . 


Whose thickness is uniform. It gives straight interference pattern. 
Wedge-shaped films; 
Whose thickness is zero at one end and then increases uniformly. 


Its interference pattern comprises a set of parallel fringes all 
parallel to the edge of wedge. 

* Wedge shaped films can be obtained using 
a spacer between the two slides of glass. 

bi The thinnest part of wedge film shaped is 
always dark, due to additional path 
difference of 4/2, caused by phase reversal, 
at denser medium. 

NEWTON’S RINGS 

Newton’s rings are practical study of 

interference in wedge shaped thin films. 


Zz 


For your information 


A 


Vo 


Thin film gust below 
Sundar nng 


6M dark ring 


py 
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0 convex lens system, light rays reflec 


(i) | When sodium light is incident on the plan lens and the glass plate. Th, 


from upper and lower layers of the air present between I 
ium light source is almost monochromatic. J s 
(ii) me is s phase change at the lens-air surface, pecatiee ae age se ‘i 
higher to a lower refraction index medium, At the air-plate s) pea ahs a 
phase shift of 180° with the reflection from a medium of highe bright bands where th, 
(iii) Waves reflected from these two surfaces interfere, erty peer whore the ae 
path length in air produces two waves in phase and dar! § 

are out of phase. 


iv) The centre of the pattern is black. ; ; ee 
ra ‘The fringes are circular as the locus of points of equal thickness of air is a circle, 


2 Conditions for interference are reversed for Newton’s 
pol Path difference = mA (for dark ring) 
a eects 
Path difference = (2m+1)> (for bright ring) 
versal by 180° which is equivalent to an extra path 


rings as; 


This is due to phase re 
difference of k, 


. Point of contact is always dark due to phase reversal at point of contact. Here 
actual physical path difference is zero. 

PRIMARY AND SECONDARY COLOURS 
Red, green and blue colours are called primary colours. Complementary colours of 
white light are those two colours, whose combined effect is to produce white light on 
eye. They are; 

(i) Red and blue - green 

(ii) Yellow and blue - violet 

(iii) Green and purple (mixture of red and blue) 
Jf two primary colours of white light are mixed, we get complementary colours. e.g. 
red and green primary colours are mixed, we get yellow, which is complementary 
colours of blue-violet. 

DIFFERENCES BETWEEN LUMINOUS, NON-LUMINOUS AND INCANDESCENT OBJECTS 


+ A luminous object is one that emits its own light e.g. sun 
+ A non-luminous object is that which is visible by light it reflects. e.g. moon 
+ Incandescent object is that which emits light due to heating, e.g. filament of electric bulb. 


MICHELSON INTERFEROMETER 

* Michelson interferometers is an optical instrument 
(i) Testing lenses, mirrors and prisms. 

(i) Measurement of refractive indices. 

(iii) Thickness of thin plate through which light can pass. 


used for following purposes; 


Movable 
Mirror 


Fringes 
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Interferometers are based upon the principle of division of wave front 
.  Michelson’s interferometer consists of following essential parts; 
rf Diffused source of monochromatic light, 
Beam splitter (semi-silvered glass plate). 
rm) Plane mirrors held 4 to each other, one is fixed and the other is movable. 
Micrometer (it is attached to movables mirror) 
Compensator (glass plate equal in thickness to beams splitter and of the same 
material as that of beam splitter). 
(vi) Telescope (to observe interference fringes) 
If mirror is moved by a distance of 4/2, with dark fringe in view, then fringe of 
same kind is observed because total path difference is 4. 
‘ If mirror is moved by distance of 4/4, then alternatively, dark and bright fringes 
can be observed because total path difference is 1/2. 


. If mirror is moved through distance p, and ‘m’ fringes pass before eye. 
mA 
ao 


+ Interferometer can be used: 

(i) To determine refractive index 

(i) To test planes of glass slabs and lenses 

(ii) To determine wavelength of light 

DIFFRACTION OF LIGHT r 
Bending of light around sharp edges is called diffraction or the spreading of light 
waves into geometrical shadow of an obstacle and redistribution of light intensity 
resulting in dark and bright fringes is called diffraction of light. 

* | Thessmaller is the size of diffracting object (obstacle), the higher the degrée of 
diffraction is observed. 

Differences between interference and diffraction 


INTERFERENCE DIFFRACTION 


(i) Superposition of few (i) Superposition of large number 
secondary wavelets is of secondary wavelets is involved. 
involved. 

(ii) Interference fringes are (ii) _ Diffraction fringes wide near 


diffracting object and become 
small as one move away from it. 
(iii) Diffraction fringes become 
narrow as distance from 


equal in size. 


(iii) Interference fringes are 


ual d. 
eee diffracting object increases. 
7 (iv) Points of destructive (iv) Points of minimum intensity 
interference are perfectly dark. are not perfectly dark. 


DIFFRACTION DUE TO NARROW SLIT 
* Diffraction due to a narrow slit has central maximum and alternating secondary 


minima and maxima on its both sides. -" 
* Condition for mth order minima on either side of center is given by 


D Sin @ = mA 
Where m = 1,2,3,..00-- 


ee 
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DIFFRACTION GRATING 1 and equally spaced slits, 
DIFFRACTION GRATNS maa t of parallel an lly spa 
Diffraction grating is a snl at Se arth grating parallel to its axis as shown, 


Suppose monochromatic ligh d ‘ 
Let the distance between successive slits be d. 
scare pp resgrtr 


oh 


5 ro 
is the result -of the combined effects of 
Saach alit causes diffraction, and the diffracted 
ther to produce the Lapsed Path 
i ween waves from any two adjacent slits can be found by dropping a 
Se aieulae line between the parallel waves. By geometry, this path difference 
isd sin 0 . If the path difference equals.one wavelength or some integral multiple 
of a wavelength, waves from all slits will be in phase and a bright line will be 
observed. Therefore, the condition for maxima in the interference pattern at the 


angle @ is d sin @ = mA. 


where n = 0,1,2, . . = 
Because d is very small for diffraction grating, a beam . of. monochromatic light 


passing through a diffraction grating splits into very narrow maxima(bright fringes] 
at large angles 6. 


Ard onder 
‘ndewe Tight mena ate 


‘The diffraction’ pattern -on thi 
diffraction and interference. 
beams in turn interfere with one ano 


Do you know? 


Practically a diffraction grating is 
a piece of glass with 400 — 5000 
lines per cm. 


Md order 


. Lines are opaque while separation between them is transparent, so space betwee? 
two engraved lines behaves as slit. 

. Distance between two slits is called grating element. d=1/N 
where ‘N’ is the number of lines in one unit length. 


. Grating equation is given as dsin 0 =m 
where ‘m’ is called the order of diffraction pattern. 
. For white light, we see colored fringes. 
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Resolving power of grating is its ability to separate two wavelengths of light in given 
order of their spectrum. 


Resolving Power = 4/AA=Nxm 
N = number of lines ruled on grating 
m = order of diffraction 


AA= difference in two wavelengths to be resolved by the grating, 
DIFFRACTION OF X-RAYS BY CRYSTALS 
5 Bragg’s law is given as 2dsinO0=m, 

Where'd’ is called lattice Spacing and 0 is called angle of diffraction. 


ry Solid crystals behave as very good natural diffraction gratings and incident 
ultraviolet light is diffracted from layers of atoms. 


. Inter atomic layer distance is called lattice constant. 

. In 1913, Max Von Laue suggested that since atomic layers in solid NaCl have layer 
separation of 10-1 m, therefore, X-rays can be diffracted. 

. Max von:laue pattern on film is in the form of dark spots/bright spots. 

* Analysis of the relative intensity of dark/bright spots gives rise to ctystal structure of solid: 

Note: Diffraction proves that wavelength of light is smaller than that of sound 

POLARIZATION 


Confinement of electric vectors of light into one plane is called polarization. 


= Ht 


The, material, which produces ‘polarization, is called polarizor. e.g. tourmaline 


crystal is a polarizer, 


olarizer 2 
(uorizontah —| 


Ingident Beam 
(Unpolari: 


Polariog (polarizer) absorbs all magnetic vectors as well as randomly oriented 


electric vectors leaving only those electric vectors, which are in one plane. 


Tourmaline crystal has internal molecular structure'such that their interaction with 
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(i) 
(ii) 


_ Malus Law: 


absorb all magnetic vectors 

put (confine) all electric vector in one plane. 

Polarization is possible only in e.m waves because their electric and magnetic 
vectors are 1 to each other as well as well to direction of propagation. Thus, 
polarization has established that light is a transverse wave. 

Analyzer is used to test plane polarization. : 

Plane determined by direction of propagation and polarized electric vectors of light 


is called plane of polarization. 


=Tocos?0 

Different methods for producing plane polarized light are given below; 
Selective absorption technique (e.g. tourmaline crystal, calcite, crystal) 
Polarization by reflection. 


Polarization by scattering. 


Uses of polarized light 


Determination of conééntration of optically active substance in a solution, eg. 
sugar in blood & urine by using polarimeter in medical diagnostic labs. 

Curtainless window. 

To enhance effect of clouds & sky in photograph. 

Headlights of vehicles to control the glare in night driving. 
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0) 


oy 


orthe phase angle between the ext 


PRACTICE EXERCISE 


Optically active crystals rotate the 


(a) vibrating plane _Ab) polarization plane 

(c) diffraction plane (d) interference plane 

Which is not optically active substance? 

(a) sugar (b) tartaric acid 

(oy Water (d) sodium chlorate 

Huygens’ construction can be used only: 

(a) for light (b) for an electromagnetic, wave 


\(ofor all of the above and other situations (d) for transverse waves 


When light incident normally on thin film, the path difference depends upon 
(a) thickness of the film only (b) nature of the film only 
(c) angle of incidence only \_-(4fail thickness, nature,and angle of incidence 


The reason there are two slits, rather than one, in a Young’s experiment is: 
(a one slit is for frequency, the other for wavelength 
(b) two slits in parallel offer less resistancey. 
(c) to increase the intensity ~ 

<(dyfo create a path length difference 

” Huygen wave theory cannot explain 
(a) diffraction (b) interference 
(©) polarization (dyphotoelectric effect 
Ina Young’s double-slit experiment the center of a bright fringe occurs wherever waves 
from the slits differ in phase by a multiple of: 
(a) 3/4 ayn 

LS 2x" : (d) x2 
Light from a small region of an ordinary incandescent bulb is passed through a yellow 
filter and then serves as the source for a, Young’s double-slit experiment. Which of the 
following changes would cause the interference pattern to be more closely spaced? 
(a) Use slits that are closer together 4 (b) Use a light source of lower intensity 

(ef Use a blue filter instead of a yellow filter (d) Use a light source of higher intensity x- 


Longitudinal waves do not exhibit 


(a) reflection 
(c) diffraction 


(b) refraction 
(Gd) Polarization 
In the equation sin = Va for single-slit diffraction, O is: 


(a) the angle to the second maximum (b) the angle to the first minimum 
reme rays(d) Nx where N is an integer 


¢ lines of a diffraction grating m is: 


(ty) In the equation dsin@ = m2 for th 
(a) the slit width A (b) the number of slits’ 
(c) tHe order of the line” (d) the slit separation 
(2) The locus of all points in a medium having the same phase of vibration is called 
(@orest “ (b) trough - 
-¢d) wave front 
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(13) Which one of the following is nearly monochromatic light? 
(a) light from fluorescent tube « (b) light from mercury lamp / 
< (©) light trom sodium lamp (d) light from simple lamp .~ 
(14) Two sources of light are coherent if they emit rays of 
(a) same wavelength 
(b) same amplitude of vibration aly 
a(c) Same wave length with constant phase difference 


(d) same amplitude and wavelength » 
When crest of one wave falls over the trough of the other wave, this phenomenon is 


(15) 
known as A 
(a) polarization (b) constructive interferr; > 
~(c) destructive interference | (d) diffraction 
(16) “In Young's double slit experiment, the fringe spacing is equal to (d= slit separation and 
D = distance of screen from slits) 
(a) daD (b) 2Ad/D 
(Did (d) Ad/D 
Under which of the following sets of conditions will the separation of the bright fringes 
of a double-slit interference pattern be greatest? 
Distance between | Distance from slits Wavelength of 
slits toscreen . source 
(a) Small Small Short 
Kiby Small Large Long 
(c) Small Large _ short 
(d) Large Small Short 


Two monochromatic radiations X and Y are incident normally on a diffraction grating. — 
The second order intensity. maximum for X coincides with the third order intensity — 


maximum for Y. 


+ . wavelength of X 
What is the ratio ———=>—__~ 2 
wavelength of Y do a 
1 arama 
‘a) — 
(a) 3 
2 
c) = 
(©) 3 


(19) The condition for constructive interference of two coherent beams is that the path 
difference should be 
(a) integral multiple of 4/2 \(b) integral multiple of 4 
(c) odd integral multiple of A/2 (d) even integral multiple of A 

(20) Inan interference pattern 
(a) bright fringes are wider than dark fringes 
(b) dark fringes are wider than bright fringe 

x {c}-both dark and bright fringes are of equal width 

(d) central fringes are dimmer than the outer fringes 

(21) In Young’s double slit experiment, the separation between the slit is halved and distance 
between the slit and screen is doubled. The fringe width jis 
(a) remain same (b) double 
(c) half (9 quadrupled | 
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The blue colour of the sky i: 2 
@)  (@) diffraction y is due to 


(b) reflection 


ae 
Oe aia A (d) scattering 
alg aveling from denser to rarer medium suffers a phase change of 

ae (b) 90° 

7 | Suen ond taneor obititvehel ae 

a) (Whe ror of a Michelson Interfi is moved a di 

ee observe 2000 fringes. What will be wavelength ofignt wads oe me te 
@ a0 nm (b)S000A") 
(c) 500m 1 

(ae) Diffraction effect is 2000 

(/ (a) more for a round edge (b) less fora round edge 


‘more for a sharp edge ‘d) le 
ss for as . 
rays is of the order Ay : acs 
(b) 1000/A°? 
(d) 100/A°- 
a7) Wavelength of X- rays falling at glancin, le of 30° ‘ A 2 
©) 3x10" %m for the fist order diffraction ig 2 ne SO” 8 Cr9Sta! with atomic spacing 


(a) 4x10"°m by 2x10" 
Lo (()0.02x10"m a 20x10"'m 
(a) A diffraction grating has 500 lines per mm. Its slit spacing or grating element will be 
equal to 
(a) 500 mm (b) 5x10 mm 
(c) 2x10°mm 272k 10?mm 


(29) Ina plane polarized light electric vibration are 
/ (a) in all direction 
(b) in two mutually perpendiculardirections », 
(c)taking place perpendicular to the direction of propagation of light 
(d) no vibration at all. 
(0) Light on passing through a Polaroid is 
(a) plane polarized (b) un-polarized 
-  (c)circularly polarized (d) elliptically polarized 
(G1) Which one of the following cannot be polarized? 
— (a) radio waves (b) ultraviolet rays 
Ze (c) X-rays (d) ultrasonic waves 


@ A monochromatic plane wave of speed ‘c? and wavelength 2 is diffracted at a small aperture. 
(4 


P 
a 


Y 1 
The time during which a portion of the wavefront XY reaches at sp’ will be 


22 

3 (b) a 
C 4a 
@& OS 


11 
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® In monochromatic red light, a blue book will probably appear to be 


: _ LyBlack (b) purple 
~~) green (d) no scientific reasoning available 


wee 
~ (a) Reduce the intensity of light 

7 

(c) increase intensity of light @botn aandb 


(35) In double slit experiment, if one of the two slit is covered then 
(b) no diffraction fringes are observed 


polarizer is used to 
(b) produce polarized light 


\aYfo interference fringes are observed 


(c) no fringes observed (d) interference pattern not disturbed » 


G6). gives the definition of metre in terms of wavelength of red cadmium light 


(a) Newton (b) Einstein 
(cf Michelson (d) Galileo 
(37) _ In Michelson interferometer to switch the fringe from bright to dark the mirror should be 
displaced through 
(@rA (b) 1/3 


(v6 layne 
) In the shadow ofa ball the central portion appears bright that happens due to 
wef Interference (b) Diffraction 
(c) Polarization (d) Refraction 


(39) Which experiment shows that wavelength of light is smaller than that of sound 


6 Diffraction (b) Polarization 
(c) Interference (d) Reflection. 
( Crystals of a material can behave as 


(a) Convex lens , (b) Interferometer < 


a 
<@Pittaction grating (@) Concave... * 2. or 
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LENS 

. Lens is a piece of trans 
which is curved. 

. Every lens is a part of some sphere. 


Types of Lenses 


Convex lens: It is thicker at the middle and thinner at the edges. 
t is thinner at the middle and thicker at the edges. 


Concave le: 


parent medium bounded by two surfaces at | 


, Types of Convex and Concave Lenses 
SR# CONVEX LENS (CONCAVELENE) 


| 
1 
Double convex ] Double concave vi 
i 
2 
Plano convex Plano concave 
° | 
Concavo convex Convexo concave | 


Important Definitions 


Centre of curvatures: 
Centre of sphere from which spherical surface of lens is obtained. 


ee _ 
s 

(o §) (% Kc > 
pin ihe g Sl? Ne 


Every lens has two centers of curvatures. 


Radius of curvature: 
Radius of sphere from which spherical surface of lens is obtained. 


Joy en, -é. _ 
¢ v4 ~. 
ifs \ rC \ 
\ RMR. 7 \ ROAR, 
‘-- woe SoS ‘7 


Every lens has two radii of curvature that may nof be equal. 
Principal axis is the line joining its two centers of curvature, 


Cr 3 iC CQ y c 
Principal focus; 


(a) For convex lens, 
areal point, 


(b) For concave lens, principal focus is a point of diver; 
imaginary point. 
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principle focus is a point of convergence of refracted light -ay: It is 
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f 
Every lens has two foci one on each side. 


Optical_centre is a point inside the body of lens through which light rays pass, 
undeviated. 


Focal length is a distance between Principal focus and optical center. It is Positive for 
convex lens and negative for concave lens. 
Note: It is not necessary that two focal lengths are equal for a lens. 
Aperture is the size of diameter of lens. 
ee are ens is its ability. to deviate light ray from its original path. 
P=1 oi 
where ‘f is focal length in meter, 
If f is in cm, then- 


P= 100/f 
+ Slunit of power of lens is dioptre, 
P=1D if f=1m 


General rule for combination of ‘n’ lenses 
General rule for combination of ‘n’ lenses is 


P= P, +P, + ----------- + Py 
Examples 
For two double convex lenses; 
P =P +P2 5 
a. 2s —+H4q—- 
ms Y . 
LL fitf, 
a GE 
fh 
+f, 


Thus combination behaves as a convex lens. 


For two concave lenses; E o 
Po =P, +P, 


Thus combination behaves as a concave lens. 
For one convex and other concave lens} 
pos Pi +Pa 


Re ee 
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f-f 
Thus combination may bel 
Lens Formula 
* General lens formula is given as; 


lcd 
ees 

p is +ve for real object and -ve for virtual object. 
qis +ve for real image and -ve for virtual image. 
fis +ve for convex lens and -ve 


for concave lens. 


have as a convex or concave lens. 


. For different cases, we have to modify it. a 
Examples 
For a virtual object; Do you know? 
Di peal Positive sign is used where rays 
p -4 f actually intersect. If not then we 
can use negative sign 


For concave lens; 


Position and Nature of Image for Convex Lens 


"Beyond 2F ‘Between Fand 2F 3 Real, inverted, small 
At 2F Z At 2F i Real, inverted, equal 
Between Fand 2F| Beyond 2F. Real, inverted, enlarged 
AtF At ti di Real, inverted, enlarged 
To ae a furth from ti = 
in same side. er away from lens 
Inside F than the object Virtual, erect, enlarged 
Magnification of a Lens 
. Linear magnification is given as; 
~G_ hy _ size of image , 
p h, size of object 
. Angular magnification is given as; 
qi Angle formed at aided eye 
gq. Angle formed at naked eye 
. For real image; . 
a 
M= eo Do you know? 
6 For virtual image; For very small angles we can 
4 equate linear and angular 
M=— magnifications. 
Pp 
Visual Angle 
. Visual angle is angle made by object at observer's eye. 
Apparent size of object varies with visual angle. 
. Apparent size « visual angle 
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The resolving power of an instrument is 
object under examination. 


angle of Resolution 


The minimum angle that allows two point sources to appear distinctly separated is 


its. ability to reveal the minor details of the 


called angle of resolution. It is expressed as min» Gmin = 124 
A 4 D 
Raleigh showed that resolving power of a lens of aperture D, under a light source of 
wavelength A is. R= Dp 
1,224 
Lens Aberrations 


Spherical aberration ~ 
It is the formation of blurred image due to size of lens because outer rays undergo 
more refraction than the inner ones. 
Chromatic Aberration 
It is the inability of a lens to bring all light rays (all colours) at single focus. 
Multicoloured blurred image is formed. 
Remedy = 
Provide such constraints on the lens that allows only paraxial rays to enter the lens. 
Remedy 
Use the combination of convex and concave lenses called as achromatic lenses. 


” LEAST DISTANCE OF DISTINCT VISION 


Itis the minimum distance at which a normal eye can.see an object clearly. d= 25cm 


Do you ki0w? 
As we get over the years upto old age the value of least 
distance of distinct Vision is drastically affected. 


OPTICAL INSTRUMENTS . 5 
Optical instruments are those, which use light for their operations e.g. 
(i) _ Simple microscope (ii) | Compound microscope (iii) Telescope 
(iv) Camera (v) | Michelson interferometer (vi) _ Spectrometer 
(vii) Periscope 
SIMPLE MICROSCOPE 
Simple microscope(magnifier) is a double convex lens of. short focal length. => Its 
magnifying power is; 
M=1+4+ d 
f 
d= 25cm 
f= focal length. 


* — Itforms virtual, erect and magnified image at d. 

Mat 
f 

h 

=e, cy 
Unaided-eye 
125 
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COMPOUND MICROSCOPE 


Compound microscope consists of two convex lenses. 
Objective lens of small size and short focal length. 


(a) 
b) Eyepiece lens of large size and large focal length. nis 

e A compound Plaroasces uses a very short focal length objective lens to form a greatly 

enlarged image. This image is then viewed with a short focal length eyepiece used as g 

simple magnifier. i sas 

The Ceara assumption is that the length of the tube L is large compared to icithes 

fy or f; so that the following relationships hold. 

ey, 
% 
Eyepiece 
M= +i + 4) where Lis the distance between two lenses (eyepiece and objective). 
0 . & 
Do you know? 
A wider objective and use of blue light of short wavelength 
produces less diffraction and allows more details to be seen 
Note: 
(a) fo < fe always otherwise it will becomes astronomical telescope. 
(b) ia fate of Sees Tucroscopes; eye-piece and objectives are .combination of 
‘o reduce lens defects. 

(i) Objective forms real image while eyepiece forms virtual image. 
(ii) Magnification of objective = he 
(iii) | Magnification of eyepiece = 1 + co 
TELESCOPE ‘ 

Tel i ical i i F 

aropeien optical instrument, which enables the observer to see fine details of 4 
. Two major classes of telesco, i : 
(i) Reflecting telescopes Panera 
(ii) Refracting telescopes E Galilean 
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ASTRONOMICAL TELESCOPE 
. It is used to see images of heavenly bodies. 
° It consists of two lenses. 
(a) | Objective is double convex lens of large focal length and large aperture. 
(b) Eyepiece is a double convex lens of short focal length and small aperture. 
+ When set for infinity or parallel rays, then; L = fo + fo 

Rays from 


distant object AB f, £ 


Advantages: 
(i) High magnifying power 


‘iad 
f, 


Do you know? 
€ A good telescope has an objective of 
(ii) » Large field of view. long focal length and large aperture. 
Disadvantages: _ 
Final image is inverted. 
GALILEAN TELESCOPE 
The Galilean or terrestrial telescope uses a positive objective and a negative 


eyepiece. It gives erect images and is shorter than the astronomical telescope with 


ft rany abe 
the same power. It's angular magnification is era 


Defects Of Vision: 


In case of eye following are the common defects of vision: 
x Myopia (or short-sightedness or Near-sightedness) 
. Hyperopia (also known as hypermetropia or longsightedness or Far-sightedness). 


*  Presbyopia * Astigmatism 
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Myopia (Or Short-Sightedness Or Near-Sightedness): 


¢ not clearly visible, i.e.; far 
hence image 


+ In it di A point is at 
Cause: In it distant objects a of distant 


a distance lesser than infinity and nappale selon 
object is formed before the retina. ; navi 
Remedy: This defect is remedied by using spectacles nen 
divergent lens (i.c., negative focal length or Bowed bee 
i i ji t the far point of pati 
forms the image of distant object at th pi eisitoist ese 


(which is lesser than «). 
Ihtedness Or Far-Sightedness): 


Hyperopia (Long Sial ines} Secs 
Cause: In it near objects are not clearly visible, i.e., near point is al 
a distance greater than 25 cm. image of near object is formed =~ 


behind the retina. ‘ er 
sing spectacles having Hypermetropic vision 


Remedy: This defect is remedied by u: u 
convergent lens (i.¢., positive focal length or power) which 
forms the image of near objects at the near point of the far 


patient eye (which is more than 25 cm). a ; 
Presbyopia: 7 ‘orrected vision 
Cause: In this both near and far objects are not clearly visible, i.e., far point is at a distance 


lesser than infinity and near point at a distance greater than 25 cm. it is an old age 


disease as in old age ciliary muscles lose their elasticity and so cannot change the focal 
length of eye-lens effectively and hence eye loses its power of accommodation. 
Remedy: This is remedied either by using two separate spectacles one for myopia and the 
other for hypermetropia or using single spectacle having bifocal lenses. 
SPECTROMETER a 
Tt is an optical instrument used to study spectrum of light. 
° It has following parts: - 
() Collimator: It has slit at focus of a double convex lens to get a parallel beam of light. 
(ii) Telescope: It is an astronomical telescope. 
(iii) Turn table: Prism or diffraction grating is placed on table called turn table. 


(iv) Leveling screws 


levelling screws 


Working 
(i) Telescope is set for infini 
(ii) Source of sate ant at 

Be of monochromatic light is Placed in front i i i justed 
sig) ("Parallel rays, nt of slit and collimator is adjust® 
(iii) Angle of minimum deviation (D, 


Then refractive index of prism = given een tay determined. 
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Where ‘A’ is angle of prism or apex angle. 

(iv) For wavelength of monochromatic light diffraction grating is used. 
dsin 0 = mA 

dsin@ 

“hn 


he 


Usually m = 1 (first order diffraction), 
d= grating element 
1 


where N is the number of rulings per centimeter 


SPEED OF LIGHT 

. First attempt to measure the speed of light was made 
by Galileo 

. First time speed of light measured accurately by 
Michelson 

. The Michelson’s formula for determination of speed of, @ 
light is c=16 fa ot ight 
where fis frequency of rotatiomof octagonal mirror and 
d is distance between plane mirror and) octagonal 
mirror. 

INTRODUCTION TO FIBRE OPTICS 

* Graham Bell invented photo phone to transmit voice massage via beam of light. 

” In optical fiber, light is used as a transmission carrier wave. 

. The principle of transmitting signals through optical fibre is 

(i) Total internal reflection 

(i) Continuous refraction 

* Optical fibre is a fine glass-rod having diameter in the range of micrometers 

CLASSIFICATION OF OPTICAL FIBRES 

Single mode step index fibre 
It is also called mono mode fibre & has very narrow core of diameter about 5 pm. 

Multimode step index fibre 
It has larger core (50m) of constant refractive index. Refractive index change at the 
boundary of core and cladding. It is useful for a short distance only. The mode of 
transmission in it is total internal reflection. 


M 
f Multimode graded index fibre 
In it, core has diameter from 50 to 1000 pm, There is no noticeable boundary 


between core and cladding. mode of transmission of light in it is continuous 
Tefraction, It is suitable for | tance transmission in which white light is used. 
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280m } 

=. step index hber 
E U\ 

135m ° 

| mop 

too Graded Index fiber 


1h 
alee er 


SIGNAL COMMUNICATION 


Fibre optic communication system consists of three parts 
Transmitter: To convert electrical signals to light signals 


Optical Fibre: To guide the light signals 7 
Receiver: Tovcapture the light signal and convert them to electric signals. 


Optical fibre 
Microphone Laser Photodiode 
Electrical 
—- 
Signal 7 


— 
Digital light pulse 
Light signals travel through fibre in “on” and ‘off fashion called digital modulation. 
A light pulse represents, 1 and absence of light represents ‘O’ 


Advantages of communication through optical fibre 


(i) 
(ii) 
(iii) 


Light signals in glass travel faster than electrical signals in copper cable 


More massages per cable length. (High signal strength) 
Clear sound is received 


LOSSES OF POWER 


Power is lost in optical fibre due to scattering of light from impurity atoms in glas° 
Due to dispersion of light, signal also get weak. 
Power loss in signal due to dispersion can: be.reduced by using graded index fibre: 


Repeaters are used at suitable distance to overcome the power loss due to 
scattering from impurity atoms, 
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The resolving power of a telescope ean be increased b 
sed by: 


() (a) increasing the objective focal | 
(b) increasing the lens diameters 
(c) decreasing the lens diameters 
(d) inserting a correction lens between objective and eyepiece 


9) A point where the incident parallel i 
@) jassing through a lens is called) °* "8HE converge or appear to diverge after 


length and decreasing the eyepiece focal length 


(a) center of curvature 

(c) optical center ve focus 
Who invented photo phone? (d) aperture 

(a) Graham Bell ae 

(c) Torricelli a sales: 
(4) _ Resolving power of microscope is proportional to 

Me oy 

a 
= 

Oe os 

Typical fibre optic communication system uses light of which wayelength 

(a) 13pm (b) 1.3 nm 

ean (d) 13 nm 


(0) A thin symmetric double conyex lens of power P is cut into three parts A,B 
and C as shown the power of 

@AisP/2 ~~ —(byA is 2P. 

(c) Cis P (d) Bis P/2 

i Ifa lens is covered with wax then 

(a) Intensity become double 

(c) Intensity will remain same 


«(by Image will not formed 
(d) Intensity will become half 
ject and its real image in a convex lens is 


(8), The minimum distance between an ol 
— (@2f (b)2.5f 
()3f (4) 4f 
©) Ifan object is placed away from ‘21° of a converging lens, then the image will be 
(a) real and erect (b) virtual and erect 
~ Wyfeal and inverted (d) virtual i 
(10) Ifthe length of telescope is 96cm the focal lengths of its lenses is 
~  (@) 100cm, - dem (b) -80em , ~Gem x 
(©) 90cm , -6cm y. y(ay90em , 6em 
(1) Magnifying power of simple microscope 
(a) increase with increase in focal length 
\(>)iftcrease with decrease in focal length anita 


(©) no effect with decrease or increase with 

/), (@) least distance of distinct vision hi : 

(4) The magnifying power of @ compound baie iat ave 
The focal length of objective ey ve-piece are increased 

B) Focal lengths of both objective an ey' d that of objective lens is decrea: 


C) The focal length of eye lens is increased an 


ases when: 
f eye lens is decreased 


sed 


-piece are decreased ~ 


 ecti id eye 
. D) Focal lengths of both objective am = 
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(13) The speed of light in the medium of refractive index of 
(a) 2x 10%ms* (b) 3.x 10'ms” 
(c) 0.5 x 10ms™ (d) 1.5 x 108s 
Least distance of distinct vision for normal and healthy people sede 
a) increases with increase i (b) decreases with increase In ag 
@ neither increases nor decreases (d) becomes infinite after 60 years 
(1g Tra convex lens of large aperture fails to converge the light rays incident on it toa single 
point, it is said to suffer from : - 
(a) chromatic aberration (b) spherical aberration 
(©) both spherical and chromatic (d) distortion 
(16) Tivo convex lenses of equal focal length “f ’ are placed in contact, the resultant focal 
length of the combination is 
(a) zero (b) F 
ef 
()2f (d) 2 
(17) A convex lens of focal length ‘fy’ and a concave lens of focal length ‘fy’ are placed in 
contact. The focal length of the combination is 
(a) i+ fiz (b) fi-fi_ < 
ff, aff 
o) NOG ers 
© +f, f,-f 
(18) Final image produced by a compound microscope with respect to the object is 
(a) real and inverted (b) real and erect * 
(c) virtual and erect 3 <(d)-Virtual and inverted 
(19) For normal adjustment, length of astronomical telescope is 
4 Ps 
fot fe (b) f. — fe 
f, f, 
(c) = ‘d) 
(c) 7 (d) f 
(20) A surf board moves at a speed of Sms~ on the crests of a waye. The distance between 


wave crests is 10m. what is the frequency of the wave motion 


(a) 2 Hz (b) SHz 
(©) 10Hz (a¥0.5Hz 

Dispersional effect may produce error in light signals. This type of error is minimum in 
<Q single mode step index fibre (b) multimode step index fibre.’ 
\(¢Yinultimode graded index fibre (d) monomode step index fiber. 


Light signals pass through multimode graded index fibre due to 

-fayContinuous refraction ‘ 

(b) total internal reflection 4 

(c) both continuous refraction and total internal reflection 

(d) diffraction 

eeenene type of fibre is more suitable for transmission of signals in which white light 
is used? 


(a) mono mode step index fibre (b) multi mode step i 
0 d ene ae p index fibre 
Aeyinaltt mode graded index fibre (d) single mode step index fibre 
caueal angle is that incident angle in denser medium for which angle of refraction is 
(a) 0 (b) 45° 
(990 (d) 180° 


So SSSFSSSSMs Ee 
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There is no noticeable boundary between core and cladding for 


(a) multi mode step index fibre 


(25) 
: ' ‘(b) multi mode graded index fibre 
(c) single mode step index fibre (d) all types of fibre , 
(26) The electrical signals change into light signals for transmission through optical fibre. A 
light pulse represent 


(a) zero (0) \(by one (1) 

(c) both zero (0) and one (1) (d) either zero (0) or one (1) 
7) Allens, which is thicker at the center and thinner at the edges, is called 

(a) concave lens (b) convex lens 

(c) plano convex lens (d) plano concave lens 


(28) Aspectrometer is used to find 
(a) wave length of light (b) tefractive index of the prism 
(c) wavelength of different colours (d) all of the above 
& If,a-conyex lens of focal length ‘f ’ is cut into two identical halves along the lens 
diameter, the focal length of each half is 
(@)f (b) £72 


of) @362 : 


(30) A convex and concave lens of focal length ‘f * are in contact, the focallength of the 


combination will be Ce 
£ : 2 2 

@ ze10 OL reek a Pele cee So 

(2f @yitfinte TET SR. 8 


(1) Ifthe red light is replaced by blue light illuminating the object in a microscope the 


resolving power of the microscope 
increases (b) decreases 
(c) remain same (d) become half ete 
G2) In optic fiber transmission system are used to regenerate the dim light 


signal. 
nal <¢by Repeaters 


Q oe i (d) Transformer 
(33) Magnification of the astronomical telescope if 
@) fotfe 6) : 
f a) {144 \E 
OF a 
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(34) The equation Omin = 1.22 ND was devised by 

(b) Einstein 

(d) Planks 


(a) Newton 


AO) Raleigh 


(35) The central image in compound microscope is : 
(a) virtual, erect and magnified ke a inverted and larger than object 


(c) virtual, erected and magnified (d) erect, virtual and smaller than final image 


(3) Michelson calculated the speed of light using the instrument 


(@X spectrometer (b) galvanometer: 


(yy interferometer \(/none of these 


(37) Michelson devised the formula to calculate the speed of light 


(a) c= 4fd (b) c = 8fd 
5 
= 16fd (@) e=5fd 
(38) The function of collimator in spectrometer is - 
__-(a)(6 produce parallel beam of light (b) to filter the ligt 


(c) to make them mutually perpendicular (d) no function 
(39) In optic fiber transmission the repeaters are separated through a distance of 
: km in newer system. 
(a) 300km (b) 200km 
_ .ot00km (d) 20km. 
@)) Which colour has the maximum angle of deviation in prism 


7 Wa . \(yblue 


(c) orange (Oiaesi 
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INTRODUCTION gai 
i Heat is a form of energy that is in transit. ae 
be Temperature is a measure of degree of hotness or solanees of a body. 
. Change of temperature affects the physical state of matter. 
Effects of temperature 
(i) Change of colour Sicaknead 
Ul) Change of resi Celsius degree is larger than a Fahrenheiy 
Se ta arma ae er 
for types 


(i) Mercury glass thermometer 
(ii) Bimetallic thermometer 


. Any substance that changes uniformly with temperature can be used as thermometrg 
substance in thermometer. , 

. Mercury is preferred as thermometric substance because- 

(1) It is non-wetting wot 

(2) Its expansion is quite linear 


(3) Boiling points high. 
Conversion formulas of temperature scales 


(i) Te= : (Tr - 32) 


(i) Tr= ee +32 


Do you know? 
(iii) Tk = 273+ Tc The centigrade and Fahrenheit scale shows 
(iv) = Tk = 273 + 3 (Tr - 32) the same reading at a temperature of -40°, 
(vy) Te=T- 273 
(vi) T= i (Tx -273) + 32 
Important Temperature Conversions 
DESCRIPTION K e Fo 
Boiling point of water 373 100 212 
Freezing point of water 273 O_.| 82 
Normal body temperature 310 37 | 98.6 
Absolute zero oO -273 | -460 


. Absolute zero is a temperature at which if 
pressure and have zero volume, 


Heat flows from one body to another due to temperature difference. 
Temperature determines the direction of natural flow of heat. 
Internal energy or thermal energy is the sum of K.E and PE of all molecules of a body: 
When excess of thermal ener, 


288 of ‘gy flows from one body to another, as heat, then it 
converted into internal energy, 


KINETIC MOLECULAR THEORY OF GASES (K.M.T 
Main points .of K.M.T of Bases are given as: 
(i) Small volume contains |, 


‘arge number of mol 
(ii) Molecules move randomly an molecules, 


cd do not ex excep cae 
(iii) Molecules collide each other elasti ava sale iia 
has . " ne.com 
(iv). The collisions with ‘walle BECCA £68 pressure, se 
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Gravity does not affect the molecular motion. 


t ) volume of gas molecules is negligible as compared to the actual volume of the gas. 
bt SURE AND TEMPERATURE OF AN IDEAL GAS 


{ ‘The kinetic theory of gases is the study of the microscopic behavior of molecules and 
the interactions which lead to macroscopic relationships like the ideal gas law. 


Molecules move randorly 
with a distribution in 
speeds which does not 
change. 


Number of molecules is 
very large, but separation is 
large compared to molecular 


= ae eae 


A sumptions > 


Molecules obey Newton's 
Laws of motion. 


Developments will be made with 
collections of identical molecules, 
but the results can be generalized, 


Molecules undergo elastic 

collisions with other molecules 

| and the walls, but otherwise 
exert no forces on each other. 


Newton's Laws and Collisions: 
Applying Newton’s law to an ideal gas under the assumptions of kinetic theory 


allows the determination of the average force on container walls. This treatment 
assumes that the collisions with the walls are perfectly elastic and molecules do not 
collide with each other. 2 


: Betore 
oe Force of molecular > Perfect 
For ree collision with wall OF | caste . 
rAeS collision 
Fat = Ap =2mv, e .-] wth wall 
x 
== 


vz 
2 2L 
The time for a *round tpt is At =~ 


2 2 2 2 
= mv tue tate Viel! 
Fetkss =A 90 the average force is F = 


L 
but this can be related to the average: 
2 2 j 7 
> ten Yj a 
palate ve and for N molecules: Fame 


In the expressi the average force from N molecules, it is important to note that 
it is the average ie the square of the velocities which is used, and. that this is 


distinctly different from the square of the average velocity. 
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Gas Pressure from Kinetic Theory: . 
Under the assumptions of kinetic theory, 


been determined to be 


the average force on container walls ha, 


_mNvy 
= Niveraye— 
Fav ray c 
es and by using Maxwell law of velocities 
. distribution we get; 
E Wayitye ty? = 307 


c 
‘The average force and pressure on a given wall ‘ : 
depends only upon the components of velocity Then the pressure in a container can 


toward that wall. But it can be expressed in be expressed as = Me 
terms of the average of the entire translational F mNv?_mNv 
kinetic energy using the assumption that the p= = Fi = re 
molecular motion is random. 3LA 


and hence the pressure is e 
p=2N ed mv> No =— 
Bo 2 


Vv 
. Absolute temperature of'a gas is measure of its average translational K.E of all gas 
) molecules . 
Part(KE) | Pa(K.B)or Paty?) 
i ia 
q f, Do you know? 
Average speed of oxygen molecules in air at 
T Gespi ‘ea 
Voge = Vv?) = us STP is 461ms'', and that for nitrogen is 493ms" 
m 
SPECIFIC HEATS 
. Amount of heat required to raise the temperature of a substance through 1 K is 
called heat capacity, denoted by C. 
Q=CmAT 
. Specific heat is the amount of heat required to raise the temperature of unit mass 
through unit temperature. 
Q=Csp AT 
Avagadro’s law states: Qo you know? 


“Equal volumes of gases at same 
temperature and pressure contain 
equal number of molecules.” 
Law of heat exchange states: 
“If no heat is lost to surroundings or gained from it, then; Heat lost = Heat gained” 
INTRODUCTION TO THERMODYNAMICS ° 
Thermodynamics is the study of the relationship between heat and other forms of ene?" 


Molar specific heat of diatomic gas is 
greater than that of monatomic gas: 


. Thermodynamic states describe the state of a system. 
. Any collection of matter having distinct boundaries is called a system. 
. Boyle’s law states that at constant temperature. 
PV=K(constant) or PiVi=P2V2 
. Charle’s law states that at constant pressure 
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BB 
fe f 

Sum of translational K.E, rotational I.E vib: tiona E i 
fr frees is called internal energy, rational K.E and P.E due to intermolecular 
Internal energy of an ideal gas system is the translational K.E of its molecules. 
Increase in temperature of the object is an indication of increase in the internal energy. 
Thermodynamic work at constant pressure is W= PAV, and if pressure is not 


Y _ K(constant) or 
T 


constant then W= }° PAV, where n—>o. 


ato 
LAWS OF THERMODYNAMICS 
thermal Equilibrium: 
It is observed that a higher temperature object which is in contact with a lower 
temperature object will transfer heat to the lower temperature object. The objects will 
approach the same temperature, and in the absence of loss to other objects, they will 
then maintain a constant temperature. They are then said to be in thermal 
Pe aaa Thermal equilibrium is the subject of the Zeroth Law of Thermodynamics. 
Zero’ Ww: 
The "zeroth law" states that if two systems are at the same time in thermal 
equilibrium with a third system, they are in thermal equilibrium with each other. 


Bin equilibrium with C 


Therefore AandC orein 
thermal equilibrium. If 
they were brought in 

contact, there would be 
Ain equilibrium with 6 neiaat heat Wrenetag 


IfA.and C are in thermal equilibrium with B, then A is in thermal equilibrium with 
B. Practically this means that all three are at the same temperature, and it forms 
the basis for comparison of temperatures. It is so named because it logically 
Precedes the First and Second Laws of Thermodynamic 

law 


When heat is transformed into other forms of energy total heat remains constant. 
AQ = AU + AW 


Where AQ is +ve when heat is added and vice versa. : 
AW is -ve when work is done by system and vice versa. 


Inferences from 1:t Law of Thermodynamics 


* AU =AQ- AW om 
changein internal sae Heat energy flowing out 
uA in)- 
( energy = (Heat energy flowingin ) as mechanical work 
Internal energy is a state function. i.e. depends on initial and final states 
For a cyclic process, we have- 
U=0 Uj= Ur : AQ = AW 


Adplications of 1+ law of Thermodynamics ; 
: is that in which temperature remains constant. 


Isothermal process i 
4Q=AW as AU =0 


Isochoric process is that in which volume remains constant, 
AQ = AU as AWw=0 : 

Isobaric process is that in which pressure remains constant. 
AQ = AU + PAV 
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o heat enters or leaves the system such thay 


i in which 
* Adiabatic process is that in which » ters 
temperature remain constants: AU=-W or W= “i 

“ol diabatic expansion takes p 


ce and heating is pro 
Note: Cooling is produced when a ace 


i iabatic ion. P r “ : 
ere ie process is also termed as isentropic process i.e. a process in which the 
ial is c 
entropy of the system remains cone re is an example of adiabatic expansion, 
Rapid escape of air from autom 
WORK ansferred one body to the other Owing ty 


Work can be defined as the energy that is tr 
a force that acts between them. The amount o! 


or contracts is given by: W = PAV ; 
. Work is taken to be positive if the system expands against some external force 


Work is taken to be negative if the system contracts because of some external force 


f work done by a system as it €xpangs 


exerted by the surroundings. : an 
Work calculation by indicator-diagram method: It is positive if volume increases 


and negative if volume decreases. 
(Cyclic process) 


Cc 


vy Vv; 


Vv Vv: 

. If area under PV-diagram»is traced in clockwise direction the work done will te 
positive (expansion) and will be negative (during compression) if the area is traced 
in anticlockwise direction. 

COMPARISON OF DIFFERENT THERMO DYNAMICAL PROCESSES 
Isometric 


7 Property Isothermal Adiabatic Isobaric 
(Isochoric) 
* condition | T-constant, | Q=constant, Veconstant, | P=constant, | 
: AT=0, AU=0 AQ=0 AV=0, AW=0 AP=0 | 
a oa of first O=AU+AW AQ=AU+0, AQ=AU+AW 
w AW=-AU AUen Cvar =nCAT__ 


3, | PV Diagram 


P 
Me oN vr 
v—> 

Equation of wae 
4. = 

state PV=constant PV'=constant wr ocuiataie X zconstat 
5. | Specific Heat _|o=a c=0 i 
6. slepe of PV APP AP P 
Trias ay | ow ty 
| Bla Er=P Ee Vv 
8. Operating Process should Process is to b 

re 


condition “for | be completed 


completed rapidly 
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very slowly and the 5) 
process 2 should ers 
surrounded by 
thermally insulated 
medium 
i I 
(i) Isothermal eee et 
expansion of | (i) Burst of air tube _| constant (i) Melting of 
ideal gas, (ii) Propagation of volume, ice, 
Example (ii) Conversion | sound in air (ii)Atmospheric | (ii) Boiling of 
of ice at O°C to | (ii) Refrigeration changes, water 
water of 0°C (iii)Explosion in 
gases 


p\FFERENT THERMODYNAMIC AND RELATIVE PROCESSES 
aT a ea rr nS 


Thermodynamic processes 


—> 
Vv IV P—> 


P-Veurve Tee pe + curve ‘ Pand PV curve 


Isobaric curve. 


> 


Isochoric curve 


Vv _ 
v 
vi Vv: V—> 
Gris greater in.value than Cy..:"': rae 
*  AQv=n Cy AT (Heat supplied at constant volume}. 
4Qr = n Cp AT (Heat supplied at constant pressure). 
* OA Cy=R. 
Cc, 


v 

ESSES : 
REVERSIBLE AND IRREVERSIBLE ane uch a manner that the values of thermodynamic 
: 


Sequence of processes aes oe of processes then this process is called reversible 
variables are retrieved at d 

Process. Otherwise called irreversible. ane 

Liquefaction, evaporation iment 

Performed slowiy are reversible Pro 
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Heat and Thermodynamig, 


* All changes that occur suddenly or involve friction 


or dissipation of energy through conduction, ; 


convection or radiation are irreversible processes. 
Second Law of Thermodynamics 


Kelvin Statement: ‘It is impossible to construct a eat 
engine which converts all heat energy absorbed j 


from source without having a sink.” 
Clausius’s Statement: ‘It is impossible to transfer 


heat from cold to hot region without ; 


expenditure of external energy.” 


; ‘ i 4 seat 
Refrigerator: A refrigerator is a heat engine in which work | 
is done on a refrigerant substance in order to collect H 

heat from a cold region and exhaust it in a higher i 


temperature region, thereby further cooling the cold 


region. 
Expansion 
Expansion 
lowers pressure, 
forcing vaporization. “iii : 
tetigerators “ 
pled ire 
229-7, se 
Ng get heat to 
=G flow from 
i acoldarea 
toa warmer 
area. 
Hoh 
proceure 
HEAT ENGINE 


Degrees 


ti 
freetom 


2 
pe (a8 


For Your Information 


Monoatomic 
Cy= Br 2125 


Diatomic 


aL, 


mol kK 


Cy= R= 208 


Polyatomic 


mal k 


Cys &R=249d 
2 mol K 


Heat engine is a thermodynamic device, which converts heat energy into 


mechanical energy. 


. There exists no perfect heat engine. 

° Heat engine always operates in a cycle. 

. Cycle means set of changes, which bring a system to its initial state. 
CARNOT HEAT ENGINE 


. Sadi Carnot proposed it in 1840. (ideal Engine). 


. Carnot cycle consists of following processes; 
(i) Isothermal expansion (ii) 
(i) Isothermal compression (iii) 
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Gn eee 


Carnot heat engine has maximum efficiency, but not 100%. q.= [: -2 
e 
Tt, 


‘Adiabatic expansion 
Adiabatic compression 


Coapter-t1 Heat and Thermodynamics 


@ 


paras = TOTS 
Isothermal 


Do you know? 


The area under the 

PV graph. gives us 

the work done by 
the engine. 


Following things should be kept in mind about efficiency of Carnot engine: - 
It depends upon temperature difference between the source and the sink. 


(i) It is independent of nature working substance 
(ii) tis 100% only when T2= 0K 


(iv) 
CLASSIFICATION OF HEAT ENGINE 


Aa 


Carnot engine cannot be constructed practically. 


Classification 
of Heat Engine 


External 
Combustion 
Diesel 

Engine 


Spark || 
Ignition] 


2 stroke 
4 stroke 


Compressio || 
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HEAT ENGINE 


(i) 


jor parts of every engine. , 
There are four aa rh (iii) Crank shaft (iv) Connecting roq 
Cylinder 


i i this reciprocating movement ; 
The piston oscillates within the constraints of the cylinder aris tl Lp is 
converted to rotary motion by the relative movement of cra 


INTAKE VALVE 
EQHAUST VALE 


ey =n 


RAUST STROKE 
INTAKE STROKE COMPRESSION STROKE POWER STROKE EXHAUST STROKE 


STORKE DIRECTION INTAKE VALVE EXHAUST VALVE 


COMPRESSED 
COMPRESSION ‘i 


BURNT 


EXPELLED 


The Four-stroke-cycle Principle 
PETROL ENGINE 


(i) 
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There are four successive Processes in each cycle of a petrol engine. 


Charging stroke or intake stroke (ii) 


Compression stroke 
Power stroke 


(iv) Exhaust stroke 
There is one cylinder in motorbike’s engines, 


There usually are four cylinders in cars, 


Each one fire turn by turn for smooth 
running of the car, 


Efficiency of petrol engine is about 25% to 30%, 
Diesel engine has no spark plug, 


Efficiency of diesel engine is about 35% to 40%, 
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Chapter Heat and Thermodynamics 
ENTROPY 


Degree of disorderliness is called statistical entropy, 


. 
Unavailability of heat energy is called thermo entropy, 


ase of e1 : *E re 
jaw 2) ineres a ntropy: “Entropy of a thermodynamic system either remains 
constant (during reversible process) or it increases (during irreversible process)". 
AQ 


We can represent.change in entropy by following relation given by Clausius, AS 
F 


where AS is +ve if heat enters and vice versa. 
Its unit is JK-, 
Entropy may remain constant for a reversible process. 


Entropy increases for all irreversible processes. 


— |A state variable whose change is defined for a reversible process at T where 
EntroPY*l 9 is the heat absorbed. 


‘Entropy:| A measure of the amount of energy which is unavailable to do work. 


Entropy:|A measure of the disordenof a system. 


Entropy:||A measure of the multiplicity of a system. (Point to ponder ) 


ENVIRONMENTAL CRISIS AS ENTROPY CRISIS 2 
. Entropy isa time arrow. — 


* Increase of entropy leads to hi 
inevitable consequence of 2"4 law of thermodynamics. 


: Environmental crisis is an entropy or disorder crisis resulting from our futile e: 
to ignore the 2"4 law of thermodynamics 
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eat death of universe because thermal pollution is an 


fforts 


¢, the K.E of the molecules : 
(b) become maximum 


(1) At absolute tempers 
(d) None of these 


(a) Become minimum 
(c) Become zero 


Temperature is a property, whieh determines 


whi 


2 
a (a)How much heat a body contains 
(b) Whether a body will feel hot or cold to touch 
(c) In which direction heat will flow between two systems 
(4) How much total absolute energy @ body has ; 
(3) The force on the walls of a vessel of a contained gas is due to 
(a) the repulsive force between gas molecules 
stic collisions between molecules 
Toss in the specd of a gas molecule during a collision with the wall 
(d) a change in momentum ofa gas molecule during a collision with the wall 
(4) The scales of temperature are based on two fixed points, which are 
and 100°C 


(a) The temperatures of water at orc 


(b) The temperature of melting ice ani 
(c) The temperatures of ice cold and boiling water 


(d) The temperatures of frozen and boiling mercury 


d boiling water at atmospheric pressure 


(5) What does V represent in the equation ne RT 


(a) Volume of n mole of gas (b) Mass of 4g of gas 
¥ Mass sheen of gas (d) Volume of 2:mole of gas 
ir is pumped into a bicycle tire at constant temperature. Th i 

(a) the molecules are larger 2 i —_ 
(b) the molecules are farther apart 
(c) more molecules strike the tire wall per second 
e (d) each molecule is moving faster 

N 

ae human body temperature 98.6°F corresponds to 

jase (b) 42°C 
(8) Inasystem of N i lies 

gas molecules, the indivi 
herrea , the individual speeds are vj, V2, ... , Vy. The rms speed of 


(6) 


(9) The i 
a Apes Kinetic energy of the molecular motion appears 
sas 
‘ig; 2 temperature Sey 
eating of water under atmospheric jemi “—“ 
s is an 


(a) adiabatic proce 
diabatic process 'sothermal process 
(b) isoth I proces: 


(c) isochoric proces: 
(ll) Accord ‘ , 
Paceaiclavria (d) isobaric proce: 
. Pas e pres: i 7 
(a) Different in different directions eat abe Sea inal ; | 
me in all direction | 


(c) Same only along opposite di 
ly along opposite directions (d) Same only al ni: 
ong normal directions 
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” al gas is doubled in an isothermal process. The root-mean-square 
speed of (1 f 
(a) increases by a factor of V2 (b) ine by a factor of 2 
(c) dee (d) does not change 

3) ener 


jar energies of a system 


(a) It is sum ofall forms of mole 
state function of a s 


re correct 
entropy is zero for 
othermal proc $ 
ble adiabatic proc 
le processes during which no work is done 
ble isobaric processes 
(15) Which one is not an example of adiabatic process? 

(a) rapid escape of air from a burst tyre 

(b) rapid expansion of air 

(c) conversion of water into ice in refrigerator 

(d) cloud formation in the atmosphere Py 
16) For which combination of working paclcaieite efficiency of Carnot’s engine is highest?: 


() 


SCS 


7 (a)40.K, 20K 100 K; 80 K 
()80.K, 60 K (d) 60 K, 40K 

(17) A Carnot heat engine operates between 400K and 500K. Its efficiency is: 
(a) 25% é (b) 44% 
(c) 79% (d) 20% 

(18) If the volume of a gas is held constant and we increase its temperature then 
(a) its pressure is constant . (b) its pressure.rises 
(c) its pressure falls E (d) all of above 


(19) A gas undergoes the cycle of pressure and volume changes 
W>3X 3 Y>Z- Wshown in the diagram. 


pressure! 
10'Pa 


volume/10*m 


What is the net work done by the gas? 
(a) -600 J 
(c)OJ : 
(20) Boyle’s law holds for ideal gases in 
(a) isochoric processes 
(c) isothermal processes 
(1) Gas molecules of different masse ? . 
transnational kinetic energy, which is directly proportional to their 
(b) pressure 
(a) volume (a) time 


oy Absolute temperature “7 
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(b) 2003 
(d) -200) 


(b) isobaric processes 
(d) adiabatic processes 


.s in the same container have the same average 


a 


= Crhapter-1 1 Heat and Thermodynamic, 


(22) Which one is correct relat 


Y= | R 
Cy y CEI, 
R 
Sp @) Grl-— 
C ; 


US 


(23) The reading on the Fahrenheit scale will be double the reading on the centigrade Seale 
when the temperature on the centigrade scale 


ee we 
360°C (d) ? 
(24) he area enclosed by the curve ABDCA for a Carnot heat engine represents the Work 
done by Carnot engine 


(a) at any instant 
(b) averagely 
luring its operation 
(d) during one cycle 
(25) a a gas obeying Boyle’s law, if the Dea doubled, the volume becomes 


(a) double )) one half 
(c) four times (d) one fourth 
(26) During which process the volume of system remains constant 
(a) isothermal q : (b) isobaric 
isdchoric (d) adiabatic 
27) “Which of the following properties of molecules of a gas is same for all gases at particular 
temperature? 


(a) momentum» ~ \binass 
LAVelocity nv WKinetic energy 


(28) “Boltzman constant K in terms of universal gas constant R and Avagadro’s number N, is 


given as 
0 ATKI= RN, veyKa 
Ny 
@K= “ (@K=nRN, 


(29) Which of the following phenomenon is the fastest for the transmission of heat 
(a) convection (b) conduction 


radiation (d) all have same speed for heat transmission 
(30) Inwhich Process entropy remains constant 
(a) isobaric 


obaric (b) isochoric 
ueyadiabatic AS 20 (d) isothermal 
G1) Which statement of sec 


‘ond law of thermodynamics is b: d on heat engine 
Seatsons statement CA Ke SWbenese oe 


Kelvin statement 
(c) Carnot statement (d) Boyles statement 


(32) Which quantity is nota thermodynamic state ction 
coon, onerey ‘oben energy 
pressure (d) volume > 
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(3) 


(34) 


(5) 
G6) 
-67) 


8) 


G9) 


(40) 


The value of y for diatomic gas is 


(a) 1.67 Lay 1.4 

3 (d) none 
The work done in the isochoric process is 
(a) constant (b) variable 

ero (d) depends on situation 
To help keep buildings cool in the summer, dark colored window shades have been 
replaced by light colored shades. This is because light colored shades: 

reflect more sunlight (b) absorb more sunlight 

(c) are more pleasing to the eye (d) transmit more sunlight 
For the successful operation of Heat engine which condition should be met. 
(a) cyclic process (b) operated at certain temperature difference 
(oyoth (a) and (b) (d) petrol must be used 
The performance of.a refrigerator is described by 
(a) efficiency (byCbefficient of performance 
(c) both (a) and (b) (d) not described 
Two different samples have the same mass and temperature. Equal quantities of energy 


are absorbed as heat by each. Their final temperatures may be different because the 
samples have different: 

(@ reat yapacities eshitspechie (b) volumes 

(c) thermal conductivities (d) coefficients of expansion 

1" law of thermodynamics is consequence of conservation of 

(a) work © r \_beyenergy 

(c) heat (d) all of these 


The rate of heat flow by conduction through a slab does NOT depend upon the: 
\a)Specific heat of the slab 
(),cross-sectional area of the slab 


(c) thermal conductivity of the slab 
(d) temperature difference between opposite faces of the slab 
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hapter-12 Electrostatic, 

* The physics that deals with charges at rest is called electrostatics and that whi. 
deals with moving charges is called electrodynamics. : ‘ P 

. An electric force is the force, which holds the positive and negative charges thay 


dies. 

make up atoms, molecules and bo 

CHARGE & ITS RELATIONSHIP WITH FRICTION 

. Bodies get charge due to friction. : : 

. During rubbing process, free or atomic electrons gain more energy than Work 
function and get detached thus producing positive charge. 

isi Similar charges repel each other while opposite charges attract each other. 

. Excess of electrons create negative charge while their deficiency Produces 
positive charge in an object. 

e Sl unit of charge is coulomb. It is defined as: | 
“If ne bee two equal and opposite charges placed in a vacuum 1m apart is 
9x109N then each of them bear 1C charge.” 

OR 


“If 1A current flows in 1 s then charge will be IC.” 


Ghargeis'e-conserved-quantityas.wellas: quantized. 
fi) Charge per unit area (AQ/AA) is called surface charge density. 
(ii) Charge per unit volume (AQ/AV) is called volume charge density. 
(iii) Charge per unit length (AQ/AL) of straight conductor is called linear charge density. 
. When charged particle is subjected to electric field, then its acceleration.is qE/m. 


. When charge is given to hollow sphere, it resides on outer surface only but not on 
inner surface. 


Electrification 


(Process by which we can 
charge a body) 


Induction 


: Conduction 
(Charge transfer without physical (Requires a physical contact for charge 
contact.) transfer) 
ELECTRICAL FORCES 
. Electrical forces aré repulsive and 


ee in nature depending upon likeness 
ely, 


. Orisin-of-<leotric:foreeiroviciec-by-quantum-electrodynemiok 
. Coulomb used an apparatus 


unlikeness of the charges respectiv 


known as imental 

measurement of electrical f is for expe! 
Coulomb's Lew orce operating between two point charges. 

Coulomb found that electrical force b 

‘ i et i . 

(i) Directly Proportional to product of Taegnitate ofa, cherges ie: 
(ii) Inversely proportional to square of distance aA e charges, 
(iii) Act along line joining them: etween them 


Mathematically, 
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Fe = k qi qo/r2 
Where K=9x 109 N-m2/c2 in} 
In vacuum, and using S.1 units, Do you kiow? 
k= 1/4ne9 ‘Two bodies having charge, very 
Where €ois permittivity of free space, small in size as compared with 
©, = 8.85 x 10-12 C2/N-me the distance between them acts 


as. point charges. 


Fu=-Fn Shows that electrical forces form 
an action-reaction pair. 
a Coulomb's law obeys inverse square law. 
When charges are placed in mediim other than 4 


air, then force reduces by a factor €, knot 
relative permittivity of medium. ied 


we(E, siebees 
- am 
+ Interms of electrical force, €; can be given as; «-(£) 


It means) that relative permittivity,is ratio between electrical force between two point 
charges, when placed in air or vacuum to the-electric force between them when 
placed in medium other than vacuum. 

. é,, the relative permittivity is unit less quantity. 


ELECTRIC FIELD ; 
Electric field is a.vector quantity, _ F 
* — Itis intrinsic property of “charge” to have electric field around it. 


: Two theories has been put forward to explain electric field - 

(i) Action at a distance (Newton’s view) 

(ii) Field theory (Faraday’s view) : ; 

bs Action-at-distance has been rejected experimentally while field theory is a 
convincing view. 

2 For infinite extent, field is uniform all over. 


For ». (Fringing Field) 
ELECTRIC INTENSITY E=F/q. 


* Electric intensity is given as; ; 
Where q is a test charge. It is defined as 


E= ke for a point charge. 
r 


the force per unit positive charge. 


In vector form 


* _ STunit of Eis N/C and V/m 
peeatRic LINES OF FORCE 
thes i ic field is called electric intensity. 
i tive charge in an electric field is call 
Fe path feline be oS ary tines starting from positive charge and ending 
Ines 

on negative charge. 
Some of important properties are given 
Originate from positive charge } 
End on negative charge. ; = 


below; 


(y 
(ii) 


kh 
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(iii) Do not intersect 


*(vi) No electric line is present inside the conductor. An ; 
(vii) Tangent drawn to electric lines gives the direction of electric intensity 
(viii) Electric field is stronger where the electric lines are closely packed 


XEROGRAPHY (PHOTOCOPIER) 


© *Xeros” means “dry”, “graphy” means, “writing”. 

© The lamp transfers the image of document as bright and dark spots on drum (core 
of the Machine). etade 

* Drum is an aluminum cylinder coated with selenium, Selenium is a LDR (Light 
dependent resistor). It retains positive charge'in dark. 

* Positive charge document image is created on the drum. 

* Toner is given negative charge and is sprayed over the drum. 

© ‘The image is then transferred on paper and is settled by the heated pressure rollers 


on the paper. 
INKJECT PRINTERS 


. It works on the thin stream of ink ejected from a nozzle at high speed. 

. It passes through two electrical components. Charging electrode and deflection plates, 

. Charging electrode gives a net charge to the stream controlled by instructions from 
computers. 


*.. The uncharged drops pass without deflection through deflection plates and strike 
the paper while charged drops are directed to gutter. 

ELECTRIC FLUX : 
Electric fluxjis the number of electric lines of force passing perpendicular through 
certain area. i 5 4 

* | Mathematically electric flux is defined as; 
c= E. A = EA cos@ provided E is unifor 

. It is a scalar quantity. = F ee iss 

max = EA when 0 = 0° (surface is 1 to B) 

bnin = 0 when 0 = 90° (surface is. || to E) 

¢W If no. of flux lines leaving a closed surface is greater than no. of flux lines entering, 
then surface contains source or positive charge. 

* MH If no. of flux lines leaving a closed surface is less ‘than no.-of'flux:lines entering it, 
then surface contains sink or negative charge. 

© If no. of flux lines entering is equal to no. 
of flux line leaving, then surface contain 


mn on flat surface represented by Ay 


neither sink nor source. > Do you know? 

FLUX THROUGH CLOSED SURFACE Electric flux depends upon charge and 

. Flux through closed surface is; medium not on shape of the closed surface. 
be = Q/Eo 
It shows that flux through closed 
surface is. independent. of POINT TO PONDER 
location of charges enclosed by it |} Any apparatus placed within a metal enclosure 
and shape of closed surface. is shielded from electric fields. Why? 
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“The flux through a closed surface is (2) times the total charge enclosed in it”. 
1 
yorat = | — ]Q 
= E 


Gauss's Law is applied to calculate electric inten 
closed surfaced called Gaussian surface is consi 
point at which the electric intensity is to be eval 


" applications 
@) Electric intensity inside a hollow but uniformly charged sphere is zero. E 


sity. For this purpose an imaginary 
dered which must pass through the 
uated. 


=0 
(i) Electric intensity due to infinite sheet of charge is given as; E=-7~i 
2e, 
(ui) Electric intensity between two equal but oppositely charged plates is given as. 


7 Similar 4 a” 
20 


Ea ¢ ta hwo + 

eer E-0 
Electrical Potential OR Potential Difference 

Electric potential difference between two points is defined as: 


“Work done per unit positive charge in moving it against electric field with uniform 
velocity. i.e. keeping the charge in electrostatic equilibrium.” 


—__ f 
% : 
. It can be given in terms of potential energy as "1 
avy=5U cowl, = AU = electrostatic PE : 


0 
. SI unit of potential difference is volt. . 


“If 1J of work is done on one :coulomb charge between two points keeping the 
equilibrium, the potential difference is 1V” 3 ‘ 


lv = 1J/1C 


For your itfornation 
We can relate electric potential difference and electric field intensity 


AV 
by following relation: .E=-—— 


Ar . 
Where negative shows that E is along decreasing potential N/C is 
equal to V/m. 
It means that- 3 : 
(i) We can call ‘E’ potential gradient because it represents the maximum 
rate of change of potential difference w.r.t displacement. 


IN_1V 
(i) SI unit of E (N/C) is equivalent to V/m. = —_=-— 
1c Im 
* Absolute electric potential at a distance ‘r’ from source is given as; 
Vy= 9 
2 4ne, r 


Absolute potential at a point due to collection of point charges is given as; 
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ai 

ne, AF 

. ECG records the volt 
process in the heart while EEG r 

EQUIPOTENTIAL SURFACES 

See ise on which electric potential is same at each of its points is calle 
equipotential surface. 

Example: ay ; : 
Surface of the charged hollow sphere containing point charge at its center 

. Characteristics of equipotential surfaces 

(i) They do not intersect. ; 

(ii) Potential difference between two points on equipotential surface is zero. 

(iii), No work is done to move a point charge on an equipotential surface. 

Work is done when point charge is moved from one equipotential surface to another, 


ELECTRON VOLT 


Definition: ‘ 
The amount of energy acquired or lost by an electron as it traverses a potential 


difference of one volt. 
. leV=1.6x1019J and lJ =6.25x1018 eV 


age between points on human skin generated by electricg 
scords that by brain. 


¢ It is the unit of energy specially used for atomic particles. 
COMPARISON OF GRAVITATIONAL AND ELECTROSTATIC FORCES 
Particulars: Gravitational force’ Electrostatic force 
Formula F_e= Gmim2/r? R= 1 aia, 
. 4namry 
A Range Infinite infinite 
Symbolof : re 
constant a 3 Ane, 
Value of constant | Very small: Fairly large 
Nature Always attractive Attractive or 
repulsive 
Dependence Medium independent Medium dependent 
Relative strength | Weal can be felt with massive Strong at close 
object range 


MILLIKAN'S METHOD FOR ELECTRON’S CHARGE 
. Atomizer sprays oil droplets 
° The droplet between the two plates could be suspended in air if the gravitational 


force Fy = m, ii Py 
acting ipwand. qe on the droplet is equal to the electrical force Fe = 4 


and E= ¥ > = med 
7 aa, 8 
The terminal velocity is determined by timing the fall of the droplet over a measured 


distance. Minimu: , 
CAPACITOR & CAP. ACIT, ANCE charge is of electron i.e, 1.6x10-19C 


. Capacitor is a device used fi C 
or storing electric cha: i 
. eases stored by capacitor is given as; Q=cv Sere ere 
ere C is capacitance of capacitor , 
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capacitance of a capacitor to store charge. OR 
whe ratio of charge stored to the potential difference between plates of capacitor.” 


Mathematically, c=2 


gl unit of capacitance is farad. 

1 farad is defined as; 

The capacitance of a capacitor is one farad if a charge of one coulomb, given to on€ 

of the plates of a parallel plate capacitor, produces a potential difference of one volt 
1c Ly induces 


petween them. 1F= Ww 


a|> 


Capacitance of parallel plate capacitor with air between its plates is given a8; Cyye = & 
The above expression shows that:- 

As we increase the area of plate the capacitance will increase. 

Decreasing the distance between plates will increase the capacitance. 
Introducing a dielectric between the plates will increase the capacitance of the capacitor. 
Capacitance of an isolated charge sphere of radius R is C=4ne,R. 

Capacitance of a parallel plate capacitor with dielectric between its plate is given as; 


A 
C4 = 8,8, =8,Cye so Cmea > Cvae 


DIELECTRIC CO-EFFICIENT OR DIELECTRIC CONSTANT 
Definition: 


The ratio of the capacitance of a parallel plate capacitor with an insulating 
substance as medium between the plates to its capacitance with vacuum (or air) as 


medium between them. 


Charging of capacitor igutmentoreloctrostatieAnaiCHorepnenomenon. 
Vanameofeapaciteriscondenser 


Types of capacitor 

() Parallel plate capacitor 
(i) Spherical capacitor 

(ii) Miniature capacitor 


(i) Tubular capacitor. 


M Paper capacitor 
Hd Electrolytic capacitor 
q ) Variable capacitor. 


COMBINATIONS OF CAPACITORS 


PARALLEL GROUPING 
. The capacitors are said to be 
connected in parallel between any 
two points if we proceed from one 
point to the other’ along different 

paths. OR . 
. In parallel grouping potential difference 
‘across each capacitor remains same and 
equal to the applied potential difference 
160 


SERIES GROUPING 
* Capacitors are said to be connected in series 
between two points when we can proceed 
from one point to the other only through one 
Path. OR . 
In series grouping charge on each capacitor 
Temains same and equals to the main charge 
supplied by the battery but potential difference 
across them may or may not be same. 
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Chapter-12 Electrostatic, 
: while charge on them may or may not be 
same. 
i i «Potential difference across each 
«Charge on each capacitor remains same and ial il 
Sits to the main charge supplied by the capacitor remains same and equal tothe 
battery. VaVtVitV5 applied potential difference On 


Qt + 


Q: 
ce: 
. Equivalent capacitance 
- C,, =C, +C, +C. 
Jt t yt 2 (ct +e+G;') oe ie aia 
GG Gi a 
Tn series combination potential difference and | Tn parallel combination charge and 
energy distribution is in the reverse ratio of energy distributes in the ratio of 
1 1 capacitance 
capacitance, i.e., Vo c and P.E« c ie. QaC and PExC 
. If two capacitors having capacitance C, and | ¢ If two capacitors having capacitance 
C; are connected in series then C, and C; are connected in series 
CC. then 
a = 
oc i C,,=C,+C, 
° If .npidentical capacitors each havingy|;* If nm identical capacitors are 
capacitances C are connected»in series with connected in parallel C.,=nC 


supplied voltage V then equivalent 


7 Cc 
capacitance C,, =— 
aon 


ELECTRIC POLARIZATION 
Polarization is a phenomenon of appearance of opposite charges on surface of a 
material subjected to electric field. 


. Polarization charges are called induced charges 
. Dipole is a set of two equal and opposite charges separated by a small distance ‘.’ 
<—_——, 
+q 7-4 
. Some substance are polar i.e, they have permanent dipoles e.g. in NaCl, the end 
with Na ion is positive while that with Cl ion is negative. i 
. Some substances are non-polar i.e. they do not have permanent dipoles °# 


S plastic. They become polarized temporarily when subjected to external field. 
. Polar molecules experience torque when subjected to uniform electric field but ze" aa 


pieiee ae non-uniform electric field it also experiences net force in addition to tora” 


*W Polarized dielectrics produce electric field opposite to the applied electric field. 
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jolecular view of a polarized dielectric 4 
_ Polarized dielectric (in case of capacitors) is shown below; 
i eit 


ttt 


: k=e, 
It shows that a static equilibrium exists within the dielectric. 


Effect of Dielectrics on Various Electrical | Quantities 
F =F/e, decreas Do you k10w? 
BE =E/e eka Value of ¢, for all dielectrics is 
Vo =V/er (decreases) Vet ay greater than | except for air. 
Cc =Ce, (increases) Esty 1Y 

EFFECT OF POLARIZATION ON CAPACITANCE 

. The electric polarization of dielectric increases the capacitance. 


« The electrons in the dielectric (insulator) remain bounded to their respective atoms. 

They are just displaced from their normal positions. 

a The molecules of the dielectric under the action of electric field become diploes and 
dielectric is polarized. 

. As B= 6/€., so electric field between capacitor plates decreases due to polarization 
of dielectric. 

. Decrease in E decreases the potential difference because V = Ed. 

. As a result capacitance increases 

ENERGY STORED IN A CAPACITOR 

. Charge on the plate of capacitor possesses electrical potential energy because of 
the work done to deposit the charge on the plates. a 


Do you k10w? 


° PE= ly 
; e e ForD.C, 


; : 1 lq capacitor 
Energy in capacitor = 3 “3¢ behaves as open 
. ircuit 
. Energy is stored in electric field between the plates. ‘ ae AC, 
4 Energy = Ae e [Ea] capacitor 
) 2 d behaves as 


1 - closed circuit. 
4 Energy Density =Energy/volume = 3 ECE? 


CHARGING AND DISCHARGING A CAPACITOR 
D.C supply stores charges on the plate 
A.C supply does not store charge 
Charging and discharging time depends upon product of R&C 
me constant 


t=RC 
Its unit is ‘s’ i.e..second. . 
Time constant is defined as tht 
times the equilibrium charge on 
Charge reaches its equilibrium v 


e time required by a capacitor to charge up to 0.63 


the capacitor. ; 
alue sooner when time constant is smaller. 
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Quantity | | 
| —d—4 —-— 
Decreases because pee 
Capacity ced is, cl<e es 
ants constant because a battery is | Decreases because battery is present 


ie,q’<q. C=QAfy AsV cont 


hot present : 
i al ecigi=a Bird CY so GY 
Vv 
Increases because V =4 (since battery maintains the potential 
Potential i difference) 
difference = View = ie, V>V 


gecemains constant because Decrease because Ei q 
Electric field E=2=—1 jc, EI=E Ar, 
A => Eoqie, E’<E 


eS 


5 : 
Increases because. U = yy Decreases because U =tev" 


Energy 1 . => UcCie, U'<U 
= Uscie, U>U 


Quantity Battery is removed Battery remains connected 
Capacity Increases because c=t ie, > Increases i.e., C’ > C 
remains constant because battery is not | Increase because battery is present Le, 
Charge ne q’>q. Remaining charge (q/-4) 
supplied from the battery. 
Decreases because V=q/G Vev 
Potential difference | voli Wey (since battery maintains the potential 


difference) 


ARemains constant because I b q 
‘i i increases because p — 
Electric field E=x2.4 ie, B=E B As, 


oC 7 
no => Exq ie, E’>E 
7 
Decreases because U = 4_ Increases because U= LCV? 
Energy 2C 2 
=) Veli. urey => UxCie, U'>U 
Cc tae 
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PRACTICE EXERCISE 


aw The diagram shows the electric field lines due to two charged parallel metal plates. We 


conclude that: 


metal 


Y Z. 
. i plates 


(a) the upper plate is positive and the lower plate is negative 
‘a proton at X would experience the same force if it were placed at Y 
(c) a proton at X experiences a greater force than if it were placed at Z 
(d) a proton at X experiences less force than if it were placed at Z 
(2) If the distance between the two point charges become half, then force between them 


becomes 
(a) double (b) half 
(c) four times (d) remains same 
(3) The minimum charge on any object cannot-be less than, 
(a) 1.6x10"°C (b) 3.2x10°C 
(c) 9.1x10°C (d) no definite value exist 


(0) n isolated charged point particle produces an electric field with magnitude E at a point 
2m away. At a point 1m from the particle the magnitude of the field is: 
(a) 2E (b) 4E 
(c)3E (dE 
(5) The purpose of Millikan’s oil drop experiment was to determine 
(a) the charge of an electron 
(b) the mass of an electron 
(c) the ratio of charge to mass for an electron 
(d) the sign of the charge on an electron 
(©) Two charges are placed at a certain distance. If the magnitude of each charge is 
doubled, the force will become 


(a) 1/4” of its original value (b) 1/8" of its original value 

(c) 4 times of its original value (d) 8 times of its original value 
(7) The force per unit charge is known as 

(a) electric flux (b) electric intensity 

(c) electric potential (d) all of above are same 
(8) Anelectric field can deflect 

(a) neutrons . (b) y-rays 

(c) X-rays (d) none 


©)  Anelectric charge at rest produces___ 
(a) only a magnetic field 
(b) only an electric field 
(c) neither electric field nor magnetic field 
(d) both electric and magnetic fields 


(10) Ifa unit positive charge is placed in air then the flux coming out of it is 


(a) Ant (b) &" 
()é (d) 4nd 
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re) 
(12) 
(13) 
(14) 


(is) 


(16) 


a7) 


A point particle with charge q is at the center of a Gaussian surface in the form ofa 
cube. The electric flux through any one face of the cube is 


@ 2 ® a 
q 
q dy 
(c) res (d) ie 
Electric flux linked with a surface will be maximum when 
(a) 60° (b) 90 
(c) 30° (a) 0 
The unit of & 
(a) Nm‘A" (b) N'm'C? 
(c) Nm’C? (d) No unit 
The electric lines of force are , a 
(a) imaginary (b) physically existing every where 


(c) physically existing near the charges (d) depends upon case 
Two 2pF capacitors are connected in parallel then the equivalent capacitance will be 


; 1 
(a) 2HF (a) Fi HF 


(c) al (d) 4 uF 5 


A capacitor of capacitance C has charge Q and stored energy is W. If the charge is 
increase to 2Q. The stored energy will be 

(a) W/4 (b) W/2 

(c)2W (d) 4W 

Two similar charges each of one coulomb placed in air one meter apart repel each other 
with a force 

(a) 9x10°N (b) 9.2x10°N 

() 9x10°N (d) 9x10°N 

The variation of electric potential due to a point charge with distance is represented by 
the graph (where V along y-axis and r along x-axis) 


(a) (b) © i 
Q Q 


A capacitor C “has a charge Q”. The actual charges on its plates are 


@Q- (b 
©) 7, -Q2 ao 
(20) The diagram shows four 6-uE capacitors, The capacitance between points a and bis: 
KH La 
b 
- 
(a) 6nF (b) 3nF 
(c) 4pF (d) SUF 
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2) 


@) 


23) 


Agold pene ae Sr) Is represented by the symbol 4’ Au. Taking e as the elementary 
charge ani % as the permittivity of free space, what is the electric field strength at the 
surface of an isolated gold nucleus? 
(a) Zero (b) Are 
Aner? 
79¢ 

Oper 2 

s 0° 4ze,r* 
In EEG, voltage i is plotted versus time. This voltage is produced by electrical activity of 
(a) joints in human body (b) spinal cord 
(c) brain (d) applied battery 


The large horizontal metal plates are separated by i 
4mm. iF t 
potential of -6V. i yy 4 mm. The lower plate is ata 


ah POreES 


(4) 


(25) 


(26) 


(27) 


(28) 


29) 


“What potential should be applied to the upper plate to create an electric field of strength 
4000 Vm" Upwards in the space between the plates? 
(a) #22 V ()-10V 
(b) +10 V (d)-22 V 
Which diagram represents the electric fields of a negative point charge, shown by 


AVE OO 


A5 uF capacitor has a potential difference across its plates of 200 volts, The charge on 
the capacitor i is 

(a) 2.5x10° Cc (b) 10°C 

() 10°C (d) 4x10°C 


The quantity 5%. E*has the significance of: 


(a) energy/ rst (b) energy/coulomb 

(c) energy/volume . (d) energy 

Equivalent capacitance is greater than individual capacitances in 
(a) series combination 

(b) parallel combination 

(c) both series and parallel combinations 

(d) none of above 


If the distance between the plates of parallel plates condenser is increased, its potential 


will ’ 
(a) Remain same (b) increase : 

(c) decrease (d) decreases exponentially 
The number of electrons in one coulomb charge is equal to - 

(a) 6.2 x 10'8 (b) 1.6 x 10°" 

© 62x10! (d) 1.6 x 107” 
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Chapter-12 
The diagram shows two pairs of heavily charged plastic cubes. Cubes 1 and 2 attract 


(30) 
each other and cubes 1 and 3 repel each other 
+ 
1 : 
t 
t 
2 3 


Which of the following illustrates the forces of cube 2 on cube 3 and cube 3 on cube 29 


t 
A 2 2 2 
t + 
t 
3 3 3 3 
T t 
A B c D 


(31) SL unit of permittivity of free space is : 
(b) N'mc? 


{a) Nm’? 

()Nmc" (@)N"'m?c? 
(32) _ Value of ¢, for various dielectrics is always 

(a) less than unity : (b) equal to unity 

(c) larger than unity (d) no hard and fast rule 


(33) The leaves of a positively charged electroscope diverge more when an object is brought near 
the knob of the electroscope. The object must be: 
(aan insulator (b) a conductor 
(c) negatively charged (d) positively charged 

(34) — Two thin infinite parallel plates have uniform charge densities +o and -o. The electric 


field in the space between them is 


(a) o/2e9 (b) o/eg (a (d) zero 
(35) Electric flux due to a point charge +q is 

(a) 1/4ne, . qr (b) qe, 

(©) Wane. g/t? (d) 4ne, 
(36) N/Ce= 

(a) V/A (b) Vm 


(©) Vim 2 
w.educat 48 com 
he eee rr ens 
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h f 0.101 
eu) Acharge o} IC accelerated through a potential difference of 1000V acquires kinetic 
energy 
2003 (b) 104 
00 
©! y ; (d) 100 ev kimw. he 
(38) Acapacitor is a perfect insulator for ee 
(a) direct current 
(b) alternating current 
(c) both for the direct and alternating current 
(d) rapidly fluctuating current 
(39) Three capacitors C), Cz and C3 are connected in parallel as in the Fig. The equivalent 


capacitance will be 


‘uF 
oy 
Cy 
(@) 8uF (b) 0.8nF 
© IF (d) 16nF 


(40) Ina charged capacitor the energy resides in 
(a) electric field surrounding the capacity 
(b) electric field inside the capacitor 
(c) both “a” and “b” 
(d) gravitational field 
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ELECTRIC CURRENT 


‘a The rate of flow of charge in a circuit is defined as current, 
ie. Current = Charge Q 
f Time or ies or Q=lIt 

e Electric current is equal to charge that flows in one second. 


e Electric current is a scalar quantity, 


+ Unit of current is ammpereninavinre. system and StECSRpErECTGISN yaa 


and] ampere=3x10° stat ampere 


A 1 ampere = 6.25 x 10'8 electrons / second. 

. Direction of current is from higher to lower potential. The direction of current is in the 
direction of flow of positive charge and opposite to the direction of flow of negative charge. 

. In metals electric conduction takes place due to flow of free electrons only. But in gases and 


electrolytes, electric conduction takes place due to flow of both positive and negative ions. 
Charge moving in a Circle: If a charged particle of charge q is moving in circular path of radius r 

with constant speed v and constant frequency f, then ¥ 

Current produced Sq} 


a 
or cE f= x) 
2ar 


CONVENTIONAL & ELECTRONIC CURRENT 


Current due to positive charges is’ called |Current due to electrons or negative 
conventional current charges is called electronic current. ; 

It flows from higher to lower potential It flows from lower to higher potential. . 

It flows in direction along the direction of | It flows in direction against the direction of 
field. field. 


. both conventional and electronic currents are flowing in a circuit, then total current will be 


given as; Ihotat = Ieve + Ive 
e Drift velocity (Vu): It is the average peo attained by free electrons on applying external 


electric field. In conductors, v, =10~ms" 
° Mean free Path (A): It is the average distance moved by a free electron between two 


successive collision with stationary positive ions. 
ie Current density (J): The current flowing per unit normal area of cross section is defined 


; J 2), QUREMEUensiIyRISERRVERIOMGUARTY. Its directi 
as current density. i.e. J=7-(ampm “); » Its direction 


ower poténtial or its direction is that of the flow of positive 


is from higher potential to | 1 
he drift velocity of electrons. 


charge, J = neva where va is tl 
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Current Electy 


he 


I. 


Qorapter 3 it 


Circuit 
(Closed path for 
the flow of current) 


it Short circuit 
Close cirau! 


(Both I & Rhave 
certain nominal 
values) 


Open dreuit 
R= 
1=0 


I 


In metallic conductors, the charge carriers are electrons. ; 

° In electrolytes, the charge carriers positive and negative fons: 

In gases, the charge carriers are electrons and positive ions. 

Current is only produced where there is a potential difference ned 

«W Due to inelastic collisions of free electrons under the action of potential difference, 
heat is produced . aie 

. A steady current flows when a constant potential difference is maintained. 

SOURCE OF CURRENT: 

. It converts some kind of energy into electrical current, 


. Cells convert chernical.energy into electrical energy. 


NAME OF DEVICE NOTABLE FEATURE 
Dry Cell Most commonly used 


Primary Cell” | Non- rechargeable 
Secondary Cell [Rechargeable E 
Voltaic Cell Convert chemical into electrical 


| energy 
Electric Generator | Convert mechanical into electrical 
energy 
Solar Cell Convert light into electrical energy 


Thermocouple | Convert heat into electrical energy 


EFFECT OF CURRENT 


. 
° 
. 


QHM’S LAW 


Heating effect i.e. H = Rt such as in heater. 
Magnetic effect such as in transformer, motors etc. 
Chemical effect e.g. electroplating. = 


The current flowing through ‘a } 
conductor is directly Proportional to ‘ 
the potential difference across its j 
ends provided the Physical states ' 
such as temperature ete. of the 
conductor remain constant, 

Ohm’s law expresses a relation between i 
Potential difference and current as given 
below: V= IR 

Where R is known is 
measured in ohms Be Tessialion 


Microscopic form of Ohm’s law 


is given a: J=cE 


Where o is conductivity 
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The metallic conductor that obe 
. graph is a straight line as given 


Current Electricity 


Coe law is called ohmic conductor. Its VI 


; 


V 
he conductor that doe: , ‘ 
a aah is not a straight not obey Ohm’s law is called non-ohmic conductors. Its 


For conductor 
RESISTANCE, RESISTIVITY & CONDUCTIVITY 
eae or hindrance to flow of electron is Do you k10w? 
Metallic conductors deviate from their 
Buesistance ohmic to non-ohmic behavior when 
Rey. subjected to high potential difference. 
‘ I ] 
Its SI unit is ohm (Q) that is defined as: & 
“lf 1V potential difference across a:conductor produces 1A current then, resistance 
will be 19.” 
Resistance arises due to collision between current carriers and vibrating ions. 
Resistance of conductor depends on following factors: : : 
(JRL (ii) Ro 1/A (iii) R « T (except semi-conductors), 
(iv) Nature of material 
Resistivity is a resistance of 1m cube of a substance. It is given as; 
_RA 
eG 
Where p is called resistivity 
We can say that, 
) p=R if A= 1m? : L=1m 
Its SI unit is Q-m. 
We can say that, © 
Reciprocal of resistivity is called conductivity 


1 
e 


p 
Its SI unit is (Q-m)? 
R increases with rise of tempe! us 
collision chance of electrons against ions increases. 
Conductance = 1/Resistance 
Its SI unit is mho or siemen. 
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rature because of increase in amplitudes of vibration of ions the 
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TEMPERATURE CO-EFFICIENT OF RESISTANCE AND RESISTIVITY ; 

‘. Fractional change in resistance per degree change in temperature is calleg 
temperature co-efficient of resistance. It is given as; 


or R, =R,(I+aAT) 


Fractional change in resistivity per degree change in temperature is calleg 
temperature co-efficient of resistivity 


a Pro Po = AP op pr= po (1+aAT) 
p.AT  p,AT 
© STunit of co-efficient of resistance or resistivity is K1 7 
helpful in differentiating them. 


Temperature co-efficient of conductors is ential 
iron and platinum) have equal resistivity, even then they can 


efficient of resistivity, 


« A. If two conductors (e. 1 
be differentiated, by measuring their temperature co- 


SUPERCONDUCTIVITY ; : 
When temperature of conductor falls, the amplitude of vibrations of its lattice atoms 
decreases and hence resistance and resistivity both decrease. 

It is not possible to make resistance or resistivity equal to zero by falling temperature 
because ions retain their oscillations even at OK. 

Metallic conductors that show remarkable decrease in their resistance with fall of 


temperature are called superconductors. 
The temperature at which a super conductor looses its all resistance is called 


. 
W Giiical temperature. T. denotes it : 
Major problem with superconductor is that they loose superconductivity at room _ 


temperature 
Virtue of superconductivity is to save electrical energy in future 


Electrical energy would pass with zero loss through a super conductor. 


For Your Information 
© In 1986, Bednortz and Muller discovered some ceramics that show 


superconductivity at 30K. 
© Presently some ceramic materials have been discovered that show super 


conductivity at 125K 


. Superconductivity is a quantum mechanical phenomenon 


COMBINATIONS OF RESISTANCES. 
SERIES COMBINATION. 


PARALLEL COMBINATION 


One path for current passage More than one paths for flow of current 
‘Same current through each component | Different current through each component 
depending on its resistance 
Different potential difference across | Same potential difference across each 
each component component. 
Rey ts larger than the largest Re is smaller than the smallest resistance 
resistance in the circuit in the circuit. | 
Ry=DRi ay 
oi R, Ri 


Ain all combinations of resistors, law of conservation of energy and charge apply. 
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Fs. Total power consumed —___ ! 


+ If'n’ bulbs are identical, p= 2 
oat = 
Peonsumed (Brightness) cc Vc A hecintas 
a ) << i.e. in series combination 
ied 


bulb of lesser wattage will give mo: 
across it will be more, 


Bulbs in Parallel: 

. Total power consumed 

@ Prot = Pi + P2+ Ps +...4+ Py 

4 If ‘n’ identical bulbs are in parallel Prosi = nP , 

. Peonsumed (Brightness) c¢ Pa oc | o 1/R ice, in parallel combination, bulb of greater wattage 
will give more bright light and more current will pass through it. 

Solved example: n wo bulbs are working in parallel order, Bulb A is brighter than bulb B. If R4 and 
Rg are their resistance respectively then 
(A) Ra> Rp (B)Rk<Rp (C)Ra=Re (D) None of these 

Solution: (B) In parallel Peoysimea © Brightness  1/R 

P4> Pa(given) Ra < Re 
JOULE THOMSON’S EFFECT & POWER DISSIPATION 


. When current flows through conductors, then a part of energy of current carriers is. 
transferred to ions on their way, due to which their amplitudes of -vibration 
increases which result in rise of temperature. The above phenomenon is known as 
Joule Thomson’s effect. Hence electrical energy is wasted that is given as; 


re bright light and p.d. appeared 


W=QV 
psa QV. 
fort 
P=IV 
P=PR 
ve 
Rk 


Where P represents the power dissipation. ; 
* Heat produced due to power dissipation is given as; 
H =Pxt 
APR t 
=VIt é 
“wt/R ke e 
% If lv asia energy is dissipated per second, then power dissipated will be 1 watt. 
1 watt = 1J /1s : ; 
a Kilowatt-hour is a commercial unit 0! 
“When a power of 1KW is maintained throu 
dissipated is 1KWh.” 


f electrical energy. It is defined as: 
gh a circuit for 1 hour, then energy 
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1 KWh= 1000 Wx 3600 sec 
=3.6x 10°F 
1J=2,77x 107 KWh 


EME ; 
A emf ofa source is defined as potential difference belween its out put terminals Whe, 


either its internal resistance is zero or no current is being drawn from it. 
icrs flow through a conductor, they loose their electrical K.E. In doing work 


. When charge 
ance, loss of energy is compensated by source of emf at same rate, 


against resist 
Every source of emf has its own resistance called internal resistance, 


Smaller is the internal resistance of a battery, better it will be a source of emf 
Terminal potential difference is a voltage between out put terminals of a source of 
emf when current is drawn from it. 
. We can relate emf (€), terminal potential (V:) and internal resistance(r) by the 

following equation: 9) 

e_ Vt, Poiit to rene nber 

Ve es ‘There are few relations for comparing V; and E- 

Se (i) Vi=€ if 1=0 (open circuit) 
KIRCHHOFF’S LAWS (ii) Vi=€ if r=0 
(iii) Vi< © by a factor Ir except when one 


Kirchhoff’s Current Law (KCL) ; 
= {Law (KCL) battery charges the other emf is “cause” 


The sum of all the currents &s\potential difference is its “effect”. Maximum 
flowing towards a poifit is power is delivered when r = R 

equal to. the sum of all the 
currents flowing away from the poirit. 
Therefore, I, + 1y= 1 + 1s + Is 

Hence, I +, - Iy-15-15=0 


Or XI= 
(Sum of currents entering a junction = Sum of currents leaving the 


junction’ 
This rule is based on the fact that charge cannot be accumulated at any 


point in a conductor in a steady situation, 


Kirchhoff’s Voltage Law (KVL) 


The algebraic sum of potential changes in a closed circuit is zero. 
° Loop is a branch of circuit that originates and terminates at the same point. 
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Method of Designation of Numeric value to a colour coded carbon resistor 


Pt gnd ged gth 


Aluminum wire Alumi ‘ 
luminum wire 


st 
(1 band colour) (2"™ band colour) (3" band colour) (4! band colour) 


indicate the 1* indicate the 2™ — jngi 
the 2"" indicate the specify the tolerance 


cist cre : digit of the number of zeros in for silver +10% 
ae alue of numeric value. — the numeric value. for gold +5%. 
. no fourth band +20% 
Tolerance 


By tolerance, we mean the possible variation from the marked value. 


For example 


Black i 
heat Orgs! 
Tolerance. 
¥ I" digit | 

a”. Number of zeros 

2™ digit 
RHEOSTAT 
2 tis a wire wound variable resistance consisting of bare maganine wire wound over 


an insulating cylinder. 
a It works on the principle that changes in length effects the value of resistor. Rx 


Symbol in electrical circuits is 
7 
is ic 
= 
Lo le, 
A B ry] B 


<n 


+ 


P Use of rhcostat as potential divider 
* — Rheostat is used as a variable resistance as well as’ potential divider just like 
me control knob in radio set. 

Do you kiow? 


dimmers in electric fans and volu 


TH 
FeeeMisTORS ‘Thé thermistors with positive temperature 
+V ite coefficients are also available. 
Non-metallic resistors 


Highly heat sensitive resistor ; : 
Negative temperature coefficient of resistance i.e 
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i + — Resistance decreases with increase of temperature 


+ — Thermistors with positive temperature coefficient are also available 
Uses 

+ For very accurate measurement of very low temperature near about 10K or ~26990, 
+ As heat sensors because it converts changes of temperature into electrical voltage, 
WHEATSTONE BRIDGE (W.S.B) 

© W.S.B consists of 4 resistances Ri, Ra, Rs and Ry connected in loop or mesh of 


certain pattern, 


. W.S.B is an accurate measuring instrument of resistance up to two decimal place. 
} . WSB is balanced when its galvanometer shows no deflection even whenlits keys are closed) 


. Condition for balanced bridge is that current through galvanometer is zéro, Voltage 
i across the terminals of the galvanometer will be equal. 
i Principle of Whetstone Bridge 


BS 
R, R, : 
* Unknown resistance is placed at Ry or Rs. 


° —- SEBEBGATEGEME of Whetstone Bridge is pastaoMTEBBER and SHESLWIFE™BHAgE that is 
also called Meter Bridge. 
| POTENTIOMETER 


It is a device which is used to compare and find unknown emf in a circuit without 
drawing any current from the circuit. 


Ko---R 


c 
CC) ites 


(b) 
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Accurate measurement of Potential difference 
Measurement of emf of a battery 
Comparing emf's of batteries 


Internal resistance of a cel] 


Wire of potentiometer is 4 m long, 


principle of potentiometer: 


made of high resistance wire (eureka). 
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PRACTICE EXERCISE 


The current through a metallic conductor is due to the motion of 


(a) free electrons 
(c) neutrons 


Resistance of a conductor depends upon 


(a) charge 
(©) power 


(b) protons 
(d) still under controversy 


(b) current 
(d) Temperature 


Acar battery is rated at 80Ach. An ampere-hour is a unit of 


ye) (a) very good conductor 


(©) an insulator 


A wire of uniforni area of eross-secti 
parts. Resistivity of each part 


(a) remains the same 
(0) is halved 
Current is a measure of 


(b) moderately good conductor 
(d) no specific criterion available 
A? length ‘L” and resistance Ris cut into two 


(b) is doubled 
(d) becomes zero 


(a) force that moves a charge past a point 
(b) amount of charge that moves past a point per unit time 
(c) resistance to the movement of a charge past a point 


(@) energy used to move a charge past a point 
When same current passes for same time through a thick and thin wire 


(a) more heat is produced in thick wire 
(b) more heat is produced in thin wire 
(c) no heat is produced in wire 


(4) equal heat is produced in thick and thin wire 


When a current of 1A flows for 5 sec through the lamp. How much charge flows through 


12) 
the lamp 
(a), 10C (b) SC 
(c) 1c (d) insufficient data 
(8) One kilowatt hour is the amount of energy delivered during 
(a) one second (b) one day 
(c) one minute (d) one hour 
(9) Thermocouples convert. 
(a) heat energy into electrical energy (b) heat energy into light energy 
(c) heat energy into mechanical energy (d) mechanical energy into heat energy 
(10) An ordinary light bulb is marked “60W, 120V”. Its resistance is: 
(a) 240Q (b) 180Q, 
(©) 2000 (d) 60 
(11) The equivalent resistance between points 1 and 2 of the circuit shown is: 
Ope 19 192 
-—- ——*1 
19 4g . 
22 22 
(@)5a (b) 102 
(6) 60. (#30 
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In the diagram Ri >R 2 >R 4. R, 


(12) igautta greatant “nk the three resistors according to the current in them, 
Ry 
—-—w—_ 
oe Ry 
Ry 
(a)3, 1,3 (b) 1,2,3 
(c) All are the same (d) 3,2, 1 


(13) Three similar light bulbs are connected to a constant — voltage d.c. supply as shown in 
the diagram. Each bulb operates at normal brightness and the ammeter (of negligible 
resistance) registers a steady current. 


mp. 


The filament of one of the bulbs beaks, What happens to the ammeter reading and to the 
brightness of the remaining bulbs? 


Ammeter Bulb brightness 
reading 
(a) decreases unchanged 
(b) Increases Unchanged 
(c) Unchanged Unchanged 
‘ (d) increases unchanged 


fan atom in which two electrons move round a nucleus in a 


(I4) The diagram shows a model of st 
in 1.0*10"” s. 


circular orbit. The electrons complete one full orbit 


2 


electron electron : 


What is the current caused by the motion of the electrons in orbit? 
(a) 1.6 « 10744 (b) 3.2 * 10" ‘A 
(©) 1.6 x 104A (d) 3.2 x 107A 
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(15) 


(16) 


(a7) 
(1s) 


(19) 
ht 
20) 


(21) 


(22) 


(23) 


(24) 


(25) 


ash 


(c)volt per coulomb (d)Newton per meter 

The current in the circuit shown in figure. What will be the 

current in the circuit? 300. av 

(a)1/45A (b)I/10A 

| @INSA (d)SA 

Resistance between points A and B in the circuit shown in 

figure is 3 “— w 

(a)4Q { wa 
40 


Reciprocal of resistivity is called 
(a)resistance (b)inductance 

(c)conductivity (d)flexibility 

When 20,40 and 60 resistor are connected in parallel, their resultant equivalent 
resistance will be, 

(a)12Q (b)11/12Q 

(c)12/11Q (d)data is insufficient 

Circuit which gives continuously varying potential is called 

(a)complex network (b)wheat stone bridge 

(c)potential divider (d)all of above 

Internal resistance is the resistance offered by 


(a)source of e.m.f (b)conductor 
(d)capacitor 


(c)resistor 

There are three bulbs of 60W, 100W and 200W which bulb has thickest filament. 
(a)L0OW (b)200W 

(c)60W (dall 


What can be used as the unit of energy 


(a)watt x second (b)volt x meter 


(b)6Q 
(c)10Q2 2 0 
(asa : a 
Two wires made of the same material and of the same 
length are connected in parallel to the same voltage supply. Wire P has a diameter of 2 


mm. Wire Q has a diameter of 1 mm. 
current in p 
current in Q . 


What is the ratio 
at b) 4 
7 ) 


1 
2 ne 
© (d) 2 


Resistance of a wire on increasing its temperature will 
(a)increase with rise in temperature 

(b)decrease with rise in temperature 

(c)will remain same - 

(d)depends upon altitude of experimentation 

Specific resistance of a wire 

(a)will depend on its length 

(b)will depend on its radius 

(c)will depend on the type of material of the wire 

(d)will depend on none of the above 
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An electric iron is marked 29 

9) ours will be Volts SOOW. The units consumed by it in using it for 24 
(lz : 
5 (b)24 


(d)1100 


In the diagrams, all light bulbs are j 
be S ar i 
ea) circuit (A, B, C, D, E) will the ‘ike ae all emf devices are-identical. In which 


He {1 ' 
on ; ie oo 
is OO || _@ mO 


(©) @ 


@s) In liquids and gases, the current is due to the motion 
(a)negative charges (b)positive charges 
(c)both negative and positive charges (d)neutral particles 

@ ‘ 100W ,200V bulb is connected to a 160V supply. 

e 


The actual power consumption would 


a)64W (b)72W 
(c)L00W. (@90w 

(30) The graphical representation of Ohm’s law is 
(a)hyperbola 2 (b)ellipse 
(c)parabola (d)straight line 

(1) SLunit of resistivity is, 
(@)Q-m* (0)(Q-m) 
(Q-m (4@Q-my" 


® The lower part of a.cloud has positive. The cloud discharges in flash of lightning, in 
which direction do electrons and conventional current flow 


4 Electron flow Conventional current 
[a] | Downwards * | Downwards 
[b] | Upwards : Downwards 
[c] | downwards Upwards 
[d] | upwards Upwards 
(3) Inthe diagram, the current in the 3-Q resistor is 4A. The potential difference between 
Points 1 and 2 is . 
39 29 
pe 
(a) 20V (b) 0.8V 
(c) 12V (d) 1.25V 


a circuit in series deliberately? 
(b)to decrease current 
(d)just to give a good look to circuit. 


G4) Why should a resistance be introduced in 
(a)to increase current 
(©)to control current 
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(35) Ww 
150 5 12 We 

The emf of the cell in the following circuit is 9V. The reading on the high resistance 
voltmeter is 7.5V what is the current I? 

ey (a) 0.1A (b) 0.6A 
()2A (d) 0.5A 

(36) What would be the equivalent resistance of a circuit having three resistance of 90 each, 
connected in parallel 
(a) 6Q (b) 272 
()3Q (d) 10 

(37) - Electrical energy is converted to heat at the rate of 

yt (@IRt (b)PR 

()PRt (d)Vit 

(38) A 20 ohm resistance takes 5 minutes to boil a given amount of water. How much 

{> resistance will be required to boil the same amount of water using the same S0tirce in 1 

minute ? Sy yaktio 
(a)2 ohm (Stony a 
(c) 4 ohm (3 ohm c 

(9) A fuse is placed in series with the circuit to protect against ' 
(a)high power (b)high voltage 

mm \efhigh current (dover heating 

(40) If 1 ampere current flows through 2m long conductor, the charge flow through it in 1 
hour will be 
(a)3600C (b)7200C 
(IC . (2c 

. 
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Electromagnetism 


INTRODUCTION 


. 
CHAR; 


Study of magnetic properties is called magnetism. 
Study of magnetic properties associated with electricity and the laws relating to 


them is called electromagnetism. . 
Iron ore “magnetite (FesO,)” was discovered ‘as early as 600 B.C from Magnesia, a 


region in Asia Minor, situated in modern Turkey. 
Ore magnet was named “LODESTONE” meaning leading stone, having directional 


property. 
Magnetic field arises due to moving electric charge like in atoms or in conducting materials, 


ACTERISTICS OF A MAGNET 


It has two poles. 
North Pole of magnet coincides with the South Pole-of earth’s magnet & vice versa, 


. 
. Magnetism at poles is greater than at middle. 
° Like poles attract while un-like poles repel each other. 
. Freely suspended magnet sets itself along N-S direction. 
DO YOU KNOW? 
Poles of magnet can’t be separated i.e. If a large magnet is cut into two parts, 
each part will be a complete magnet in itself having both N and S poles. 

. An un-magnetized magnetic material can be magnetized as follows; 
(i) By electric method (passing strong D.C) 3 
(ii) _ By single touch or double'touch methods. 
. Magnet can bé demagnetized as follows; 
(i) By passing A.C 
(ii) By heating strongly E . 
(ii) By striking a magnet again and again with a surface like that of earth. eg by 

hammering with hammer. : 
MAGNETIC FIELD 2 

Magnetic field is a region around a magnet within which it can exert its influence 

upon a magnetic material. 
. Magnetic field consists of lines of magnetic force having following properties: 

. 
caret ‘The Earth 
Magnetic Field Sources 

(i) | Two magnetic lines of force can’t intersect each other. 
(ii) Magnetic lines of force fill whole space around a magnet. 
(iii) Magnetic lines of force emerge from N-pole and end on S-pole. 
(iv) The no. of magnetic lines at a point gives strength of magnetic field. . 
(v)  Longitudinally they tend to shorten their length. It explains attraction between 

opposite poles. 
(vi) Transversely they repel each other. It explains the repulsion between two like poles. 
. Direction of magnetic field of the current is found by right harid rule for positive 

charges or conventional current, : 
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tic Field Due to Current in a Lo; 
magne 0: d fc ng Straight Wire 

‘Hans Oersted found that a 7 ri . 
current carrying wire, magnetic field is set up in the region surrounding a 
‘The lines of force are circular and their 
‘The magnetic field lasts only 


Electromagnetism 


direction depends upon the direction of current. 
i {Hand Rule as long as the current is flowing through the wire. 
ie If the wire is grasped in fist of right hand 
the conventional current, the fingers of t 
of the magnetic field 


, Following figures should be kept in mind about direction of magnetic field. 


ae) 


[Into paper} 1 [Out oF paper] 
B-Clockwise B-Anti-Clock wise 


MAGNETIC FIELD AND MAGNETIC FORCE (Fa) 


Origin of magnetism is motion of charges, was found by Oersted. 
Force on a Moving Charge in a Magnetic Field 


with the thumb pointing in the direction of 
he hand will circle the wire in the direction 


. In an experiment with bar magnet and field produced by charges flowing in a wire 
(current), following results are drawn; 
+ ie v{|B, then Fa =o 
+ Be viB, then © Fm = max. 
+ Fatv and Fm LB 
+ Fa <q 
+ Frov 
oF Fn « B | 
s. Single equation containing all above said properties is; 
Fa=q (v x B) 
a Magnetic field can be given as; 
p=—te 
qvsin® 


So magnetic field strength is defined as “magnetic force acting on a unit charge, 
entering perpendicularly through a magnetic field with speed of 1 m/s”. 
- If Fn = 1N, q= 1C, V= 1m/s, then B = 1 Tesla. 


IT = tesla = Ns; impulse per coulomb per metre. If 0=90° 
Cc 


So, magnetic field is said to be IT, if 1N force acts on a charged particle carrying 1C 
charge and entering a magnetic field at a speed of 1m/s perpendicularly. 


Force On A Curent Carrying Conductor In A Uniform Magnetic Field 


° Current carrying conductor experiences a force when placed in a uniform 
mee . Fal ixB ) 
magnetic field that is given bys ln 1( Aas 
Where Lis length of conductor inside the magnetic field and defined along the direction 


of conventional current. 


* Drift speed of an electron in a conductor is given as; 
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fig 
“nae 
. Magnetic field can be given as; B= #5 
in 


So, magnetic field is defined as magnetic force acting on a conductor of 1m carrying 
1A current and placed to magnetic field. 
- If Fm = 1N, 1 = 1A, L=1m & 0 = 90°, then B= 1 tesla 


tN. 
Am 


° Gauss is a small unit of B, 1T = 10° G 
CURRENT CARRYING COIL PLACED IN A UNIFORM MAGNETIC FIELD 
Current carrying coil placed in a uniform magnetic field experiences a torque given by; 
r= NIAB cos « or NIAB sinO 
Where N = No. of turns in coil 
A = Face area of coil, 
cc = Angle between plane of coil 
@ = Angle between outward norm: 
Note: Net force on coil is zero but net torque is not zero. 


MAGNETIC FLUX AND MAGNETIC FLUX DENSITY 
Magnetic flux is defined as a dot product ‘of magnetic field and area vector of flat surface 


and B 
al to the plane of coil and magnetic field 


gm = A.B=AB cos Or B=—= 
Acos@ 
Where B is magnetic flux density or flux per unit area normal to the magnetic field lines 
. Unit of magnetic flux is weber (Wb). 
¢m = 1Wb 
if B=1T 
amd A= 1m? 
and @=0° 
1Wb = IT. Im? 
1Wb=1NmAt =o) T=NA™m"™ 
For your information 


emf=vBL 
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ere’s law is Used to find th ; 
* ypERE'S CIRCUITAL LAW © Magnetic field strength 


se 
pefinitio : all path elements into which the complete loop has been 
divided equals Ho time the current enclosed by the loop. L(G es 
= 


| = current enclosed by closed path, where yp, = 07 
apiations: Field due to solenoid B=j,n 1 © He = 47 X 107 Wb/A.m 


Where n = No. of turns per unit length = N 


yn; The sum of the quantities B. AZ for 


Field due to toroid: =B=y.nT where .N 


Wb 
=4nx 107 
fs Am 
Magnetic force between two infinitely long parallel current 
carrying wires: Let us consider two infinitely long parallel 
straight current carrying conductors placed at distance from 
each other. Let 1, and Ip be the currents flowing in them. 
Then the force acting per unit length of any wire. 
21, 
r 


F F id 


abo 2x1097 ba 
Ki 4n s r Nei / mei (Attraction), (Repulsion) 
For/ meter length of any wire the force 
pate 2h cy =2x107 | 
4n ‘r ea r * 
If the currents are flowing in the same direction, force of attraction exists between the wires and 


it 7 5 
if the currents flow in the opposite Pp oni. 
direction, force of repulsion exists PONDER 


= between the wires Where Is it possible that we keep on increasing the 
Id due to toroid number of turns of coil but the magnetic field 
B= on I strength remains constant? Yes. Why? 
Where n= N/2ar 
SOLENOID AND TOROID 


Solenoid is a cylindrical coil wound on a magnetic or non-magnetic material called core. 
When current flows through a solenoid; the magnetic field is produced inside as 
well as outside it. 

Field of solenoid is parallel to its length. 

Iron cored solenoid befiaves as a bar magnet. 

Toroid is a solenoid bent into the form of a circle. 

FoRc| Field of toroid is in the form of circular lines of. “force. 


© ON CHARGE PARTICLE IN AN ELECTRIC AND MAGNETIC FIELD 


As, 


F=qE, and F, =q(vxB) or ca Peg +q(vxB) 
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errrrrrerrrrry Magnetic force of 
Blectee  s F Electric Magnetic magnituile qvBsin® 
fowe qe AP Feld Field perpendicular tw 
eatseusectecs hath wand B. away 
5 from viewer 


Where Fis called Lorentz force. 
* Electric force does work 


* Magnetic force does no work. 
MOTION OF A MOVING CHARGED PARTICLE IN A MAGNETIC FIELD 


. When a narrow beam of electron moving with a constant speed V be projected at righ, 
angles to a known uniform magnetic field B directed into plane of paper, the electrons 
experience force at right angle to their direction and they will start moving in q 
circular path as sown in figure. 

Fo= Fm 


, KKK ey 
. Magnetic force can do no work on charged particle entering magnetic field 
because Fm LV (always). 
. Time period of charged particle subjected to circular motion in-a magnetic field is 
given as; 4 
T = circumference / velocity 
=2nR/v =2n mv/qBv 
= 2nm/qB 
. ure of charged particle circulating in a magnetic field is given as; 
f= qB/2xm 
It is known as cyclotron frequency. 
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If a particle has both components of veloci 


ity V. i 
magnetic field B, it adopts helical ‘y Vi and V,and is allowed to enter a 


otion, 


5 Force at 90° to the velocity, 


Changes direction and not the speed of the particle. 
elm RATIO : 


+ e/mofa charged particle can be given as; £7 


m Br 


Where R is determined by Thomson’s apparatus while velocity is determined by 
following two methods: 


The e/m of a proton is greater or less. than an 
electron? 


Potential difference method: 


v=,/2V, 


So that 
©. Vv, 
m BY 
Velocity selector method: 
E 
re 
B 
€.°E 
so that == 
m Br 


The value of © is equal to 1.7588 x 10"! C/kg 


m 

CATHODE RAY OSCILLOSCOPE (CRO) ; 
q It is a high-speed graph-plotting device same as picture tube of T.V set or monitor 
of a computer. 
Electron beam is produced and deflected by voltage. 
Fluorescent screen make it visible. 

f electrons. 
A grid is used to control the number o} 
The grid is at a negative potential with respect to cathode. 
Electrons are accelerated by anode. 
CRO is used for displaying the wave 
Once the waveform is displayed, we © 


form of given voltage. 
an measure the voltage, its frequency and phase. 
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Flectron gun 
ing plates 
Cathode ray oscilloscone Deflectina PI — oo 
~ 4 Focussing Brightness 
+d ploctrode control 


electrode 
anode gid Tectron” cathode 


Power supply 


TORQUE ae 
yA current carrying coil placed in magnetic fi 
producing torque. 
1 = BINA cos a 
Where ais the angle made by the plane with the magnetic field. 
Nis the number of turns of the coil 
Ais the area of the coil. 


eld, will be rotated, in magnetic field, 


(Top view of com 
Fig 14.15 (b) 


ELECTRICAL MEASURING INSTRUMENTS 

Electrical measuring instrument: “devi i 

eee Beene a une $ are, those devices, which convert electrical 
Examples 


: Do you k rd 
All. the Glestical: measuring. ‘insirumene eas een 
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GALVANOMETER (G.M 
alvanometer is 
G: used for the detection of both A. C and D.C currents & volt 
: ; nts & voltages. 


principle of G.M 
poe «Current carrying coil ex, 


i) 
ii) 


() 
(i) 
(i) 
(is) 
« 


(i) 
(i) 


Note: Best suggestion is to make 


5 eri i 
ragnetic field.” Periences electric torque t=NAIBcosa, when placed in a 


Galvanometer is a parent in: 
s' : 
ammeters etc, trument, which can be converted into voltmeters and 


types 
Moving coil G.M (MCGM) 


Moving magnetiG.M (MMGM) 


tor parts of moving coil G.M 
pole piece made concave 


suspension wire 

lamp-scale arrangement 

coil 

hair springs. 

When coil of G.M stops after deflecti - 
Deflecting torque = Restoring crocs aa 
INABcos « =cO 

Here a=0, 


.N 
Where c represents couple per unit twist or torsion constant that depends upon the 


nature and geometry of suspension wire. 
Galvanometer constant is given as; 

K =C/BAN 

AG.M.can be made sensitive by making K=C/BAN small. ~ 

Cis made small by increasing the length and decreasing the diameter of suspension 
wire 


A, B, N are made large 
Bas strong as possible 


Do you kiow? thy 
meter should stop quickly at the mean position, thus should 
signed such that these oscillations 


Ivanometers are de: : 
Hly damped. Such type of galvanometer is called dead 


The needle of the galvano 
suffer lesser oscillations. So the. gal 
can be minimized. So they are critical 


head galvanometer. 


‘ Modifications in Weston-type Galvanon Tin pivot 
laced Dy dle and graduated scale. 


i 


Suspension wire is rep! by light Y juminum nee 


t is replaced 


A Lamp-scale arrangement! 
0 Galvan ter is used for the measurement of current when converted into ammeter. 
Se eee connecting a shunt (low resistance) in parallel to its coil. 


GM can be converted into A.M by 
Value of shunt is given as} 


a ake 
‘ 


where I is called range. 
To increase the range of AM, shunt should be made more small 


| * Range of A.M is given by; 
192 
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* _ A.Mis always connected in series. 


. i theciteuit vac 
° An ammeter must have a very low resistance so that it does not disturb the circuit Tesistance, 


Voltmeter 
. Voltmeter is a high resistance G.M. 
2 To convert G.M into V.M, a high resistance Ra is connected in series with its coil, 


. High resistance (multiplier), which converts G.M to V.M is given as; 


R==-R, 
8 
where V is called range of voltmeter 
. Range of voltmeter is given as; 
V = Ig (Ret Rs) 
It shows that VecR), so making resistance Rn higher can make a V.M more sensitive 
. Voltmeter is always connected in parallel. 


. Reading of V.M is not accurate as it draws some current for its working. Hence it 
measures less voltage than actual. - 


° For accurate measurement of voltage, potentiometer is used. 


Ohm Meter 

. Rapidly measures resistance, 

. adjustable resistance along with cell is used internally in ohmmeter. This 
adjustable resistance is called current limiting resistance 

Avo Meter 
AVO meter is an electrical measuring instrument used for the measurement of current, voll?” 
and resistance 
AforAmp , Vfor Volt , O for Ohm 
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avo METER AS OHMMETER 


4 Circuit of AVO meter Measurement of resistance is given below: 
xX 


AVO METER AS VOLTMETER 


4 Circuit of AVO meter for measurement of voltage is given below; 
4 Set of resistance connected in series to coil of G.M is called multiplier, as shown below: 


15V 50V 
150V 


Range 
swileh 


AVO METER AS AMMETER 
. Set of shunts connected in parallel is called universal shunt or Aryton 


g No. of scales on AVO meter are three. 

() Ohm scale 

(ii) Current, scale both for A.C & D.C 

(iii) Voltage scale both for A.C & D.C 

DIGITAL MULTIMETER (DMM) 

It is AVO meter but have digital displaying. 

It gives decimal counting, polarity and unit for’V, A or Q. 
It is free from human errors of polarity selection. 
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Q) 
8) 
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6) 


(6) 


” 


(8) 


In the formula F = q (vx B) 

(a) F must be perpendicular to v but no! 
(b) v must be perpendicular to B but not 
(c) F mast be perpendicular to both v and B z 
(d) all three vectors must be mutually perpendi 


t necessarily to B 
t necessarily to F 


lar 
7 etic field parallel to it, The 


is i i magn 
Accurrgnt carrying conductor is placed ina uniform mag) 


i ienced by the conductor is , 
magnetic force experienced by Band 


(a)F=1/B 

cia @ ight angle to a uniform . 
What is the value of the current in a wire of 10cm length at he right ang) magnetic 
field of 0.5 Weber/m?, when the force acting on the wire is SN? 

(a)lA (b)10A 

(c)100A (d)1000A. 


m enters a uniform magnetic field B moving with 


When a particle of charge q and mass 7 ; 
a velocity v perpendicular to the direction for the field, it describes a circular path of 


radius 
(a)r=qB/mv (b)r=mv/qB 
(c)r=qmV/B (d)r=qmB/v 
When a particle of charge q and mass m enters the uniform magnetic field B moving 
with velocity v perpendicular to the direction of the field, the time required by a charged 
particle to make a complete revolution in a magnetic field is given by. 
(a)T=2nq/Bm. (b)T=2am/qB 
(c)T=22B/qm (d)T=qB/2nm 
Two parallel wires carrying currents in the opposite directions 
(a)repel each other 
(b)attract each other 
(©)have no effect upon each other 
(d)they cancel out their individual magnetic fields 
An electron moves in the negative x direction, through a uniform m: ic field in the 
negative y direction. The magnetic force on the electro is coi 
y 


(a) in the negative z direction 


(inthe negative y direction a Beal sn z direction 

n electron is moving north in a regi, ositive y direction ji 
force exerted on the electron is: aan ners the magnetic field is south, The magi 
(a). west 

(©) down (b) up 


(d) zero 
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‘3 moving coil galvanometer of resist; 
sista 


196 


@ — 4¢20mA. What will be nee 1000. pi 
en ill be the potential differences eeebale seale deflection for a current 
(62 volt (b)S volt 
hich one of the followi wag (d) 0.4 
(0) toa Owing material is most suas (i making 2 
Get Nialloy (aaa ing core of an electromagnet? 
tic foree experi (d)soft iron 
) The magnetic force experienced by ; 4 
()  ainimum when it moves by a charge particle moving in a magnetic field will be 
(a)perpendicular to the field 
(b)parallel to the field 
(c)inclined at some angle to the field 
(djinclined at an angle of 45° 
The relationship between Ti i 
(1) esla and smaller unit Gauss of magnetic induction is given by 
@IT=10G z 
ee (b)IT=10°G 
(IT=107G @it=it'G 
3) If the plane of the rectangular coil i is * ‘ : 
(13) Tels, the fordne on the Bas ee coil is parallel to the magnetic field (i.e. radial magnetic 
(a)t = NIAB cosa. (b)t = NIAB sina, 
© both “a” and “bes ‘ <  @t=NIAB 
(14) A uniform magnetic field is directed into the page. A charged particle, moving in the 
: plane of the page, follows a clockwise spiral of decreasing radius as shown. A reasonable 
explanation is = : 
3 e 8 iJ 
particle 
J s 
ci cc 
- B 
& e@-e ® 
(a) the charge is negative and slowing down (b) the charge is positive and slowing down 
(c) the charge is positive and speeding up (4) the charge is negative and speeding up 
(5) “Magnetic flux and flux density are related by _________—.- , 
(a)magnetic flux = flux density /-area (b)magnetic flux = flux density x area 
(c)flux density = magnetic flux area (d)flux density = magnetic flux * area 
(16) Anelectron enters a region of uniform perpendicular E and B fields. It is observed that 
the velocity v of the electron is unelected. A possible explanation is: 
(@) ¥ is parallel to,E and has magnitude EB 
(b) ¥ is parallel to a - 2 
(©) ¥ is perpendicular to both E and B and has magnitude B/E 
(d) ¥ is perpendicular to both £ arid B and has magnitude E/B 
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(17) The charged particle enters the u 
perpendicular to the field, the orbit will be 


form magnetic field in such a way that its initial velocity is not 


(a)a circle (b)a spiral 
(c)an ellipse (d)a helix ; 
An electron enters a region where the electric field E is perpendicular to the magnetic 


(18) 
field B, It will suffer no deflection if, 
(a)E = Bev (b)! 
()E= By (d)E = Bev/2 
(19) Value of permeability of free space in SI units is 
(a)4ax10° WbA™m" (b)4ax107 WeAm" 
(c)4ax10"° WoA"'m? (d)4nx10% WbA"'m" 
20) The magnetic field strength of a solenoid of turns density n =—~ is 


(a) B=yoNI (b) B= poN/I 
(c) B= ponl (d) both (b) and (c) 
(21) Aninstrument, which can measure potential without drawing any current, is —__ 
(a) voltmeter (b) galvanometer 
(d) ammeter 


(c) cathode ray oscilloscope (CRO) 
Electrons (mass m, charge—e) arevaccelerated from rest through a potential diQerence 


(22) 
V and are then deflected by a magnetic field B that is perpendicular to their velocity. 
The radius of the resulting electron trajectory is 
(@) v2mVe (b) 2mV 
B eB 
v2mV le 2mVB 
oO (@) —— 
B g 
(23) When the coil of the galvanometer is in equilibrium, then the deflecting couple is 


(b)equal to the restoring couple 


(a)zero 
(d)smaller than the restoring couple 


(c)greater than the restoring couple 
(24) The sensitivity of a moving galvanometer is given by 
(a) BAN/c (b) cAN/B 
(c) c/BAN (d) ABC/c 
(25) The diagram shows a straight wire carrying a flow of electrons into the page. The wire is 
vere ne pokes of a permanent magnet. The direction of the mignetic force exerted 


NIO|s 


(a)! (b) > 
Or @t 
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@ 


When charge particle enter a ma; 
)remain same 

c)decreases 

The figure shows the motion of electrons 


netic field then K.E 
(b)increases 
(d)none of these 


The wire will be pushed: in a wire that is near the N pole of a magnet. 
electron 
flow 

(a) upwards (b) awa’ 

y from the magnet 
() downward ; (d) toward the magnet 
The magnitude of force experienced by a stationary charged particle in a uniform 
magnetic field is 
(a) of vxB (b)minimum 
(c)zero (d) maximum 
The magnetic field B inside a long ideal solenoid is independent of: 
(a) the core material (b) the current 


(d) the cross-sectional area of the solenoid 


(c) the spacing of the windings 
L-current flowing through a circuit, when it is 


An ammeter measures the total 
connected. J 

(a)in series with the circuit 

(b)in parallel with the circuit 

(jin series with any of the parallel resistances in the circuit 

(d)in paralle! with any of the series resistances in the circuit 

Coil of a galvanometer is suspended in a radial magnetic field so that the deflecting 


torque on the coil is always, » (in usual symbols) 
(@)BINA cosa, (b)BINA sina, 


(©)BINA tana, (d)BINA 
A galvanometer basically is an instrument used to 
(a)detect current in a circuit , 
(b)measure current flowing through a circuit 

(c)measure voltage across a circuit i pte 

(d)measure potential difference between two points in a circuit ; 
A solenoid is 3.0cm long and has a radius of 0.50cm. It is wrapped with 500turns of wire 
carrying a current of 2.0A. The magnetic field at the center of the solenoid is: 

(a) 16T (b) 9.9x10" T 

(c) 1.3x10° T (d) 4.2x10° T 
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¢ balanced when___—— 


(34) A wheat stone bridge is said to bi 
(e)maximum current flows through the galvanometer branch 
(b)minimum current flows through the galvanometer branch 
(c)potential difference across galvanometer branch is maximum 
(d)potential difference across galvanometer branch is zero 
(35) When an electron moving with a uniform speed in a vacuum enters a magnetic field in. 
direction perpendicular to the field, the subsequent path of the electron is 
(a) a straight line parallel to the field 
(b) a parabola in a plane perpendicular to the field 
(c) acircle in a plane perpendicular to the field 
(d) a straight line along its initial direction 
(36) In the given figure, the loop is fixed but straight wire can move. The straight wire will 
tO 
(a) remain stationary (b) move towards the loop 
(c) move away from the loop (d) rotates about the axis 
(37) Two charged particles M and N are projected with same velocity in a uniform magnetic 
field. Then M and N are: 
x 
x 
” 7 . 
r « 
(a) a proton and a-particle respectively 
(b) a deuteron and an electron respectively 
(c) an electron and a proton respectively 
(d) a protium and a proton Tespectively 
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«Concave pole faces of th ‘ 
8) magnet and soft iron cylinder in galvanometer are used to 


make the field 
(a) strong (b) weak 
dial 
(c) radial (d) radial and stronger 


) Heating a magnet will 
(a) weaken it (b) strengthen it 
(©) reverse its polarity (d)demagnetize it completely 
40) Four wires each of length 2 m are bent into four loops P, Q, R and S and then suspended 


into uniform magnetic field. Same current is passed in each loop. Which statement is 


EEE 


(2) Couple on loop P will be the highest (b) Couple on loop Q will be the highest 


correct? 


(c) Couple on loop R will be the highest (d) Couple on loop $ will be the highest 
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Electromagnetic Induction 


sari magnetic field due to current carrying coil 
Faraday discovered electrom aes ; Ie 
induced current by the tags eagetic induction (production of induced emf and 


e of 
he induced current depends change of magnetic flux $=BAcos0 


upon the resistance of the loop the speed with which the conductor moves and 


The induced current can be increas: 
Using a stronger magnetic field 
Moving the loop faster 


Replacing the loop by a coil of 
to Remember ene 


As magnetic flux is 

@™=BA cos@ 

So the change in flux can be caused as:- 

Change in magnetic field strength. 

Change in projected area. 

Possible change in the orientation of coil in field. 

DAY’S LAW 

law 

a emf lasts till the flux remains changing. 
ww 

Induced emf is directly proportional to the time rate of change of magnetic flux i.e. 


ed by- 


€ = -n Aen 
: At 
Direction of induced ’e.m.f is given by Lenz’s law, which states; 
“e.m.f is induced in such a way that it opposes its own 
Cause of generation” 
Lenz’s law is in accordance with the law of conservation of energy. 


n of induced e.m.f is such that energy fed to change 


The mechanism of generatio! 
7 e electrons to cause the 


flux, changes to magnetic force, which moves fre 
current and hence induced e.m.f. : 
Following ways can change magnetit 
e.m.f): - 

Motion of magnet. 

Motion of coil. 

Relative motion of coil and magnet. 
ther Ge. ee Lenz’s law then perpetual motion machine of 1*t kind was 
possible. Thus the process will be self-perpetuating. 


ic flux (or in other words, can produce induced 
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MOTIONAL emf he motion of a conductor across @ magnetic field is catleg 
The emf induced by the moti 
motional emf. 
aeons Eins) = 9B L= length of the conductor 
= tor 
where v = speed of the conduct ——— 
| work done per unit charge. 
Consider a loop of wire moving BL 
with velocty v into a stationary fe pare 7 
’ T +" Bout .. 
L 
Motional 
ih emf =vBL 
. If there is some orientation of the coil to the magnetic field, then 


€motionat) = -VBLsin® 
where 6 is the angle between v & B. 

. The unit of motional emf is volt. 

. Magnetic field strength is considered to be uniform while deriving the above 
expression. 

MUTUAL INDUCTION & SELF INDUCTION - 

e Mutual induction'is ‘a phenomenon in which a changing current in one (primary) 
coil induces an emf in another coil (secondary) 
€.Mifvec = -M_Alp/At 
Where M = Ns¢s/I, called mutual inductance. 

. Mutual inductance is defined as the ratio of back e.m.f in the secondary to the rate 
of change of current in primary coil. 

-emf 


Al, /At 


« Self-induction is a phenomenon of generati mn. of i: ; “ 
change of current in itself, 8 ion of induced e.m.f in a coil due to 


emf = a2 
t 


where L is called self inductance, Also N& = Ly 


* — Self-inductance is defined as t i i 
pater as the ratio of back e.m.f to rate of change of current in 
Lazear 

Al/At 
4 se bite of mutual and self, inductance is Henry (H). 
= if ©. face = 5 
Mutual inductance is said to bes’ 5. pnd Af 
SEE p/At = 1A/s 
produces e.m.f of 1 volt i “current change in pri ak 
(i) L=1H if Secondary. Sih Eenery at a rele ot 


Mi * A emf=1y 
Self-inductance is. said to be 1H, if and Al/At=1As1 


Produces an e.m.f of 1V in current chan, ec 
th f 1 A/s 
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gy STORED IN AN INDUCTOR Electromagnetic Induction 


re as 
jnductor is simply an insulated 
current but offers high resistance fe A 
In case of capacitor, energy is stored i .C current. 
+ Ghergy is stored in magnetic field of the slecte 
ut 


oil that offers very small resistance to D.C 
ete between the plates. Similarly, 
, Work done by the battery to move charges against the induced emfis W=_ LI? 
This work is stored as potential energy in the inductor as U. = lip . 

wee 


Also L = p,n’Al 


As B = py nl 
Then Ue l B? Al 
2 
As Al = Volume 
a 
‘Then energy density is = Un 1B 
Al 2p, 
2 
or U= 1B ves’ 
H, 


. Inductor in an A.C circuit always resists the abrupt change in current. 


4 Do you k10ow? 
The density of energy storage in-an inductor is directly proportional to the square of 
the magnetic field strength provided all other factors remains constant. 


SERIES AND PARALLEL. COMBINATION OF INDUCTANCES 
Coils in series: If two coils of inductance L, and Lz are connected in series then 
AL. “Aly cl __ Lal 
e=e,+e, oF Lah a +L, e [= se" 
At _ ah dhe 


or —= = 
dt At At 


However in series as current remains same 1=1,=h 


Therefore L,=L, +L, . re: 
Cols in parallel: As in case of parallel combination of coils, the current divides, ie. 
at _ At, Ab 


1=1,+h or mM At At 


g, L—ie. Als -t| 
284 [= ea a At OL. 
L, by ba ? Diet 
However, in parallel, as potential same, ie, 8= 61 Li 
t..1 te 
Therefore +T iia e LL +h, 
2 
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ene! in the presence of magnetic fiel + : aoe 
The rtacibe of gaietetor is that emfis jnduced across a coil rotating in a Tagnetig 
field due to change of magnetic flux. 


. Main parts of A.C generator 
+ Pole pieces (U-shape magnet) with concave poles. 
+ Armature (assembly of coil on iron cylinder) 
+ Slip rings (as connector) 
+ Carbon brush (external supply) . 
. emf is induced by the side of loop intersecting the magnetic field. 
e Total emf for N number of loops is given as; ¥ 
~ g=N(2vBeSin@) — also e=NoABSinot 
Emax = N @ AB when @=90° 
then € = Emax Sin at If o = 2nf, then 


€ = Emax Sin2nft 
In terms of potential difference, V = V. Sin 2nft 
In terms of current, I=I, Sin2nft. 


where f is the frequency with which the direction of current is changing. 
¢ 2 


Ce Wes BES Al 


. In Pakistan f = SOHz, it means SO times in a second direction is changing. 


.° In D.C generator split rings or commutators, invented by William Sturgeon are 
used in place of slip rings. 


. D.C generator produce uni directional pulsating D.C, not pure D.C 

° For pure D.C many coils are wound around cylindrical core 

BACK MOTOR EFFECT IN GENERATOR 

. The device in electric circuit that consumes electric energy (electricity) is known as load. 


. The greater the load, the larger the current 
by sound of generator) 

. “When the circuit is closed, a current is 
exerts force on the current carrying coil, 


is supplied by the generator (indicated 


generators.” 
. According to energy conservation law, 


the ene; t. come 
from the energy source Ay a ened by the load mus' 
tenon 


Capter 15 


The larger the current drawn, by the | 
loa ‘ 
po MOTORS d, the greater is the counter torque produced. 
~~~ 4 motor is a device which converts el 
S electrical energy j 
A generator running backward is called motor, ie acca a 
principle of motor is that whenever : 
és 2 a cur ‘i 4 F A 
field it experiences a couple of forces, WHE catetee a sential | 


pack E.M.F EFFECT IN MOTORS ane RGN: 


Electromagnetic Induction 


The self induced emf (e) in a mot 
2 ‘ or opposes the vol! 2 
induced emf is called the back emfof moter ee figmotar, 30/8 


- The magnitude of the back emf increases with the speed of motor. 
» | V&€ are in opposite polarity, 
je. current flowing in motor is 
ix (V-8) 
Re 
. As the motor speeds up, the back emf increases and the current becomes smaller 
and smaller. So current should be kept sufficient to provide torque. 
« | Ifmotor is overloaded, the back emf decreases and allow the motor to draw more current 


. If motor i8 overloaded beyond its limits, the current could be so high that it may 
burn the motor coil. 


or V=e+IR 


Do you k10w? 
Transformer is one of the static devices,in the 
electrical appliances. So there is no loss of energy 
in friction. Hence they can -have higher 
efficiencies. We can achieve up to 95% efficient 
transformer 


TRANSFORMER : 
Transformer is an electromagnetic device us: 
or A.C current, not D.C. 
Principle of transformer is the mutual induction. a 
Coil of transformer where input is applied is called primary coil while other 


where out put is obtained is called secondary coil. = 
heets of soft iron on which coil is wound. 


ed to step up or step down A.C voltage 


Core consist of laminated punched s! 
Lamination of core is done to reduy 
induced current produced jn acore). 


ce eddy current losses (eddy current is an 
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Transformer 4 | 
step down aiees step up 
Core losses Turn ratio 
(Hyste rises Loss) with current . 
Copper losses | piv | 


Eddy current 
losses 


Current ratio 
with voltage 
Vp = Islip 


° Transformer can’t step up or step down the energy or power, «ag for. 
* Transformer consumes very litter part of mmpur power so it can be kept running 
hours without considerable loss of power, 
Nob 
Vv, Ny I 


Losses in actual transformer: The losses in t F .d winding. 
Types of Losses in transformer: Tansformer occur in core and win! ; 
A ani 
. Pa tverss aoe pe resistance of the windings of prinaly 
8 a ‘Ctrical energy is : f heat energy: 
* Flux losses: The coupling of the prima, wo Host in the form o 
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Joss et e two types: 5 
gddy current loss: Due to the period; 

‘ i clica ‘ ‘ 
i] primary, the flux associated with core Chae rving nature of A.C. supplied in 
induced in it. es and, therefore, eddy currents are 
Eddy ee core are undesin 
jn energy loss. e eddy current lo 
pysterisis loss: The alterna 


ting current flowi 
4 fi lo 
demagnetizes the iron core again and ss 


magnetization, some energy is lost due to 
choose cane of core of smaller hysterisis loss generally soft iron. 
gficency of transformer: Ideal transformer, efficiency is 100 % or 1. but in actual 


transformer output power is always less than i : 
input 
less than 100%. In general efficiency of tr. put power, so efficiency also always 


of 90%). ‘ansformer is very high (and is of the order 


induced in the 
‘o minimize th, able as they heat the core and result 

Ses, core is laminated. 

ing through the coils magnetizes and 

ain. Therefore, during each cycle of 
hysterisis. To minimize this loss we 


(i) 


Efficiency js given by y= Output power , 49. 


Input power In terms of secondary and 


‘ NA! 
primary voltages and currents, n= Vv. *, Also since, Input = Output + Losses, 


Pp 
as Output power 
output power + Losses 
Applications: 
«They are used in power distribution in’a safe-manner from power stations to the 
utility stations. 


The principle of transmission is that we reduce the value of current via increasing 
the transmission voltage so saving the cost of copper as less thick wire can full fill 
the purpose due to small currents. 


Transformers also provide a degree of control of electricity distribution to a town. 
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(6) 


7) 


of mutual induction is 


sation of the phenomenon 


The practical illustr: ac dans 

(a)A.C generator (ransformer . 
is pr jonal to: 

Sacieay aw states that an induced emf is pr ‘oportit 


¢ of change of the magnetic is 
(b) the rate of change of the eleetiis et 
(c)'the rate of change of the magnetic lux 


rel f lectric flux r 
(d) the rate of change of the e jrencross.a magnetic field is called 
Current produced by moving the loop of wi D.C current 


aA, t 
(Oiduced curent (ican suas aria 

i ina circui i ’s law depends on the 
emf induced in a circuit according to Faraday’s It : 
(a) maximum magnetic flux ~{b) rate oe ates of magnetic flux 
(c) change in magnetic flux (d) None of these 
For the experiment shown below 

5 


(a) there is a steady reading in G as long as S is closed 

(b) a motional emf is generated when S is closed 

(c) the current in the battery goes through G 

Cay there is a Wittehit th'G just after S is opened or closed 

An alternating cu rrent.or-yoltage 

(a)fluctuates off and on 

(b)varies in magnitude alone 

(c)changes its direction again and again 

(Wchanges its magnitude continuously and reverses its direction of flow after regularly 
recurring intervals, q 

A dynamo converts 


_{aymechanical energy into electrical energy 


(b) electrical energy into mechanical energy 

(c) magnetic energy into electrical energy 

(d) all of these 

Which one of the following functions, like a motor? 
(a)galvanometer (b)ammeter 


(c)voltmeter 
\@)all of above 
The emf d in a'coi i i : 
Haan developed in a-coilX due to.the current ine neighboring coil ¥ is proportional 
(a) thickness of the wire in X ( i 
b} 
pa of change of magnetic field in x Gueee 


(d) magnetic field in X 


Which of the f it P 
cues on the current ‘carrying conductor placed @ 


magnetic field, 


(a)galvanometer 
(c)voltmeter (b)ammeter 


(d)all of the above 


"8 Works on torque 
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wo 
rn) 


o 


Ww 


(16) 


6) 


4/ 


‘ EI 
Gjrinductanece of a coil depends upon soonpgnetic Induction 


yrrent flowing 


—__ 
(a) 
renage produced Cdeunber of turns per unit length 
the coil is wound on an iron core, the flux thas it will 
bee 5 sh it will 
in ei (become zero 
(ray stored in a magnetic field is ia 
k See ae es 
our wtp 
) 3 pat 
Ap 
5 (au? 


coils P and Q cach have a large numb i i itch S i 
closed, the pointer of galvanometer G ic aan per 


i lected tows i 
make the pointer of G deflect toward the right one ete the left. With S now closed, to 


R 
(a) move coil P toward coil Q 


(b) open S 
(c) move'coil Q toward coil P. 


(d) move the slide-of the rheostat R quickly to the right 


A long narrow solenoid has length and a total of N turns, each of which has cross- 
sectional area‘A. Its inductance is mf 
bet 
2 
“NA Le (o) MA 
¥ it 
if NPA 
@ aN @ BNA i 
A: 7 A 
Which of the following uses electric energy and does not convert it into any other form? 
\@transformer (b)motor 
(D.C generator (d)A.C generator : 
The only difference between construction of D.C generator and A.C generator is that 
of, 
Sree . 
(@earbon brushes (bycoil 
(Kommutator (d)magnetic field 
T 


hestored energy in an inductor: fuser 


‘of change of current 


Wo depends on the! 
(+) is proportional to the square of the inductance 


©has units J/H 
None of the above 
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(19) If the secondary coil has N, tw 
secondary and primary voltages is given . EN 
(WV. BA (OV yIViANGNs 
f 
former is duc to. 


and the primary Np turns, the relation between 


Then during fall: 


= 


e riot ween ve \@ Eddy currents and magnetic hysterises 
‘ f 
(c) Soft iron core @) Se ies 
(21) A magnet is allowed to fall through a copper circul 
(a) the electric current flows through the wire : , 
‘ o the acceleration of magnet is less than gravitational Seton? 
Ol (c) the acceleration of magnet is equal to gravitational acceleratio' 
(d) both A and B : " 
22) The emf induced ina coil by a changing magnetic flux may have unit as 
(a) ms'A (b)ms*Ay 
(c) kgms?A™ (d) kgm’s°A : : 
(23) A coil of wire is arranged with its plane perpendicular to a uniform magnetic field of 
flux density B. when the radius of the coil increases from rj to rz in time At, then what is 
the emf induced in the coil? 


B(p mB(r,— 
20-8) wo Bla. 
At At 
Bs @ BE) 
- At At 
(24) The emf induced in a conductor of unit length moving with unit velocity at right angles 
to a magnetic field is equal to 
(a) Magnetic flux density (b) Torque 
(c) Mutual induction -  (d)-Motional emf 


(25) A step up transformer has transformation ratio of 3:2. what is the voltage in secondary 
if the primary voltage is 30V. 
(a) 20V (b) 60V 
AS Asv (d) 1SV 


(26) Eddy currents are produced in a material when i 


(a) Heated \(by Placed in a time varyi i ’ 
Hed ait ‘ying magnetic field 
(c) Placed in an electric field (d) Placed in a uniform magnetic field 
(27) In an electromagnetic wave the electric field vector E and the magnetic field vector B 
are 
Perpendicular to each other (b) Parallel to each other 


(d) Can have any angle between them 


Sy) (c) 45° to each other 
) nnected as shown in the figure, The equivalent 


(28)/ Three pure inductors each of 2 H are cor 
inductance of the circuit is 


fo 
ees Cee Aa 
(46 4 (by 2H pan 
(d) 3/4H Hasty 
7 2 
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vhich one of the followi vi ; 
a Which Wing devices does not function | 


() resins are less 


@)) completion of cycle is 


pters> 


astep UP transformer the number of tury = estromagnetic Induction 
nS in 


pal 


in 
@P 


ansformer is used to li rimary are infinite 
Aaworrrenar rio sieht a S00 Wand 220 -V tamer’ 
curren’ is 0. P, the efficiency of the transform: iain From 220 V mains. If the main 
sformer fg 
(a) vo (b) 390% , 
¢ (a) 455% 


The alternating current has frequency Pater 
7, iM such a way that time period for 


shee (b) 1.5ys 

A i ‘| (d) Ise 

a which of the following quantitative remain vanes rae 

7 Nib tfoquene ransformer 
xons (d) all of thes 


(a) Galvanometer ¢ an electric motor? 


b) Ammel 
(c) Voltmeter (b) Ammete 


Transformer 


a) The out put voltage of a transformer is 3 times the input voltage then turns ratio will 


(a) 13 by 
(| . (d) 6 
3) For long distance transmission, the transformer used is 
(ayStep down (b) Input voltage and output voltage remain same 
(c) Step up (d) Amplifier is used 
G6) Self inductance of a long solenoid is 
(a) Hon CA ET Hon” AML 
() woN?LA (d) BACN 


@7) An electric current induced within the body of a conductor when that conductor either 


moves through a non uniform magnetic field or in a region where there is a change in 
magnetic flux is called 


{ayinduced current (b) Eddy current 
(c) Back emf (d) None of the above 
(38) The direction of induced current is such that it opposes the every cause that has 
produced it. This is law of = 
(a) Faraday \woy Lenz, 
(c) Ampere (d) Fleming 


| (9) Transformer works on the principle of 


(a) Lenz’s law (b) Faraday’s law 
(Mutual induction (d) Law of conservation of power 


(40) When the motor is at its maximum speed, then back emf will be 


(@/Maximum - (b) Zero 
(c) Intermediate values (d) None of these 
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ALTERNATING CURRENT 


ied 
aa” 
er ‘ov eseyd eoutys 4 
Cae 

nr ‘soueuosel souas ‘GY 


er ov nod? SyMOID SOUETOSEY 
aranenel-e pra meng? 
— SAM cen scans 
exept 7 I AWN oneubewon2913 s 
» : w FAN wi Daas. 
‘yBnos Sy 


bi \deoe, 
pommeneong —__ iil rere? 
aa Mena OVE? u Kmcnunernlgy/ 
peo] oseud pue Be} oseycs aise y"e poeomag? 


srr 
me 
vac! 
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oDU™ 
ss “A.C is the current produced by a voltage source that 
hat rey 


me period T of alternatin ‘erses its polarity with time. 

Tintich the source voltm, eM" OF voltage (that NE tuatlned 

+ inwhicl © voltage reverses ies ge (hat produced it) isthe time interval T 
a 


Alternating Current 


sonieys tt 
The sinusoidal waveform of A.C is a graph between Salk d tis 
age and time. 


ries with time and at an instant. 


Vo sin Qnft 
V=V. sine 


Where 0 * ot is the angle through which coil rotates in time ‘t’. 


gis the phase which specifies instantaneous valu 


AC (varying 
supplies ) 


SQUARE WAVE = 
15- 
0 
2 
2 ° 
8 
ox 
— 
ar ee ee 
Time (miliseconds) 
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SAWTOOTH WAVE 
: 
4 ay od 
+0.33) 
es 
e| 


Pulsating D.C 


Instantaneous Values nes iste oe 
The value of voltage or current that exists at any given instant ‘t’ in a circuit 
is known as instantaneous value. ; ; 

Vinst = V = Vo sin @ = Vo sin2rft = Vo sin at 
or linst = 1 = Io sin 0 = Ip sin2mft = Io sin ot 

Vis the instantaneous value between +V. & -Vo 

. Sinusoidal graph is the set of all instantaneous values. 


Peak value (V. or I,| 
It is the highest value for voltage or current 


Peak to Peak Value 
Jt is the sum of +ve & -ve peak values 


Root mean square (rms) value:- : 
Mt is the square root of the average of Squared instantaneous values of 


voltage or current in a period. 
Vrms = Vo/J2 = 0.707V. 


=-4- 0.7071. 


Irs 


rms value is also called effective value. 
Av = 0.637 peak . 
Rms = 0.707 peak 


Amplitude, v oF § 


a ina Do you know? 
'¢ average value of a sinusoidal symmetrical signal is ze i 
not. That is why practically all the calculations are based on RMS vain” eee 
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Alternating Current 


pi che angle @ which specifi 
asits phase. 


Lal and Phase lead 
pas the phase difference between two alt 
ernati 


les the in: 
Stantane 
‘OUS va 
value of alternating Voltage or current is known 


yalues or rms value of the ignale ean oe whose lengths represents the peak 
change of phase in AC signals is collectively eee betereet them represents the 
pc CIRCUIT or diagram. 


Resistor R is the basic circuit element in D.C circuit 

Rcontrols voltage and current i : 

.  Ohm’s law can be used, 

uy ( ), ind ( 

’ esistor (VV ),_ inductor ( 7) & capacitor These are 
three main components of a AC circuiu- O000™ J 7 ait} 

AC THROUGH RESISTOR : 

+ Through resistor, V = Vo sinat and I = I, sinot voltage and current are in phase. 

’ If one increases or decreases, the other does the same. 

+ P=VI= PR = V2/R, holds true only when V & I are in phase. 


Vv Semae ot OV 


ok see gl 
t—> 


ACTHROUGH CAPACITOR 
‘Due to D.C, a capacitor behaves as 
Due to A.C, a capacitor behaves as conductor. ‘ 
Through capacitor, charge on parallel plates of a capacitor, 
4= CV, sinat = qoS in(ot) 
Current leads voltage by phase 
AC can pass through capacitor (seems P' 
Teversing polarity. ; 
Reactance = measure of oppos! 
Reactance is measured in ohms r 
wae 


Oe, ee ee cn Rin AS 


insulator. It only stores charge. 


= 90° or n/2 . 
alah : assing) because of the continuously 


tion of capacitance against flow of A.C. 


Alternating Current 


Chapter 16 


A.C THROUGH INDUCTOR . 
self-induc 


decreases. 
¢ capacitive ci 


tive effects because it constantly changes, 
oduced. 


As frequency increases Xe ircult 


Voltage lags current by 90° in a pur 


Through inductor, A.C produces 
When potential difference is app! 


atl yall 


lied back emf is pr 


at At 
Current lags behind voltage by 90° or #/2. : : 
Inductive reactance is measure of opposition offered by the inductor coll to the flow 


of A.C through it. 
= 2nfC =@C 


Xi = V/I = 2afL = oL 

As frequency increases X, increases 

Ina pure inductor, energy gained = energy given out 

No power loss in pure inductive or capacitive circuit takes place. 


Current lags voltage by 90° in inductive circuit. 


IMPEDANCE (Z) 


‘Combined effect of resistance R, capacitive reactance Xe & inductive reactance Xvi in 
a circuit in which A.C is provided is called impedance. 


Z=sm 


Impedance is measured in ohms. 


Impedance 
R Z=R O° 
at Z=Xi= ol 90: 
fi Z=Xc=1/oc -90° 
RAO. Z= {+X} On'<'9 < 90° 
ae 
R = Z= FR? +X? -90° <p < 0° 
a a > if XL >Xc 
nf EL | 2 = {R?+(Xz-Xo? | $= 0°if ¥. = Xc (Resonance) 
$< 0°if XL <Xc 


Note: Current vector is taken along X-axis 


R-C SERIES CIRCUIT 


z 
Impedance Z= Raf 
@C 


Phase between V & I is © = tan-! (1/@CR) 
Current leads voltage, 
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oe 
CT eae. ee oe 
: >. Alternating Current 


Ye =. 


ab SERIES. CIRCUIT 
jmpedance Z= VR? + (OL) 


phase between V&lisgo= 7 
Current lags voltage tan(oL/R) 


powER INA.C CIRCUIT 
tion = O, i 
é pees ake nae ee in purely inductive & capacitive circuit 
‘i be ws °: u wi en A ay pt in phase in a purely resistive circuit. 
= IV cos@ in rei ircui i i 
|... nde Circuit where cos@ is power factor & Vcos® is component 
" seRIES RESONANCE CIRCUIT 


1 
= @L and Xc = — 
ere 


. At low frequency capacitance dominates and circuit behave as R-C series circuit and 
at high frequency inductance dominates and circuit behave as R-L series circuit. 


The impedance diagram is shown in figure 


X,=oL 


resonance 


X,=1/aC 


is ti is called 
Q If X, = Xc, then it is ‘resonance’ and frequency at this time 1s 
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A 


Frequency ——> 


\ i R. 
imum and is equal to 
p across inductance and Ve'the voltage drop across 


ource voltage. 


At resonance, impedance is mini 
At resonance Vi, the voltage dro] 
capacitance may be much larger than the s 
PARALLEL RESONANCE CIRCUIT 

. The resonance frequency is 

1 


f. 
" QnVvLC 


At resonance the impedance is maximum. Hence current is minimum at resonance 


and in phase with voltage. ‘ 
At resonance branch currents may be larger than source currents. 


° At resonance power factor is one 


== 


THREE PHASE A.C SUPPLY 
In three phase A.C generator, there are three coils inclined at 120° angle to each other. 


Each coil is connected to its own pair of slip rings. 

In three-phase supply, total load is divided in three parts. 
There will be no drop of voltage supply in three phases. 
Three-phase supply can provide 400V between two lines. 


The line to neutral voltage is 230V. 
‘Star type connection is used to connect three phase wires and one neutral wire. 


PRINCIPLE OF METAL DETECTOR 

. Coil (L) & Capacitor (C) are coupled to produce oscillations of currents. 

. L-C circuit behaves like an oscillating mass spring system. 

. Energy oscillates between a capacitor and inductor called an electrical oscillator. 
. L-C circuit produce beats phenomenon for metal detection. 

CHOKE 

° It is an inductive coil. 

. a consumes extremely small power) 

. It is used in A.C circuit to limit current. 


ELECTROMAGNETIC WAVES (EMW) 


e Electromagnetic waves were predicted by Maxwell:and experimentally produced by. 


Frank Hertz. 
2 Electromagnetic waves ay B@eleateicand magnetic fields : 
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Changing magnetic flux Alternating Current 


Produ Fi 
* a(S Ces electric field given by; 
2nr) At 
Changing electric flux prod 
A “ces magnetic field given by; B =| He Se | Abe 
2nr | At 


Speed of e.m waves in vacuum is given b 
en by v 


ie ‘fan ieee = 3x108msec! 
e frequency is about 1osqy. 0 Eo 
*RODUCTION OF E.M WAVES 2 depending upon wavelengths. 

; 


.M waves in labs 
E. aboratory are Produced by oscillation of electrons. 


¢ Frequency of oscillatory circuit is f= ! 
RECEPTION OF E.M WAVES ag 

The reception of EMW is based ircuit i i 
fixed but varying capacitance gives different pa aia al ead 
MODULATION * 

The process of mixing the | i ith hi 

ib gaa ig the low frequency signal (sound) with high frequency radio waves is 


The resultant wave is called: modulated wave. 


Types 
(@) ] 
| Carrier wave : 
tH ft sional, Hf (b) audio signal ae 
(e) 
frequency médulated wave (©). amplitude modulated wave 
+ Amplitude modulation (A.M) 
+ Frequency modulation (F.M) 
+ Phase modulation. (P.M) 
. Modulated waves are demodulated by receiving sets (TV or radio set), rectified and 


then detected. 

Detection of modulated wave takes plac 

that of transmitting circuit and hence él 
f 


e only when frequency of tuning circuit equals to 
lectrical resonance is produced. *" 


Do you know? 


« Frequency range of A.M signal 
540KHz to 1600KHz | 

« Frequency Range of F.M signal 
88MHz to 108MHz : 

« F.M signal does not contain any n0! 
the A.M does. 


ise signal as 
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(1) Acchoke is used as a resistance it _—T circuits 


(a) DC circuit oa (d) Full wave rectifier circuit 
(c) Both AC and DC circuit factor in an L-C-R series circuit is 


(2) At resonance the value of the powel 
OR 
(c)1 (d) not definite 
% i i i ; 
(3) An A.C series circuit contain 4Q resistance and 3-Q inductive reactance. The impedaneg 


(a) Zero 


io is (50 
()72 (d) 7/N2.Q 
(4) The current in resistance R at resonance Is 
A t 
b¢ fi 
i- 


dy ah 


(a) zero (b) minimum but finite 
(c) maximum but finite; (d) infinite 

(5) A resistor Rj an inductor L, a capacitor Cand yoltmeters V,, Vz,and V3 are connected to 
an oscillator in the circuit as shown in the following diagram. When the frequency of the 
oscillator is increased, then at resonance frequency, the voltmeter reading is zero in the 


case of: 
© 
(a) voltmeter V, (b) all the three voltmeters 
(c) voltmeter V3 (d) voltmeter V2 
(6) The phase angle between the voltage and the current in.an AC circuit consisting of & 
resistance is 
(a) Zero (b) 45° 
(c) 90° (d) 180° 


(7) In an LCR series circuit, if V is the effective value of i i 
r the applied voltage, Vr is the 
voltage across R, V, is the effective voltage across L & V, is ihe enccie yale across) 


C then 

(a) V= Vat Vi+Ve (b) V=V_24V, 24-2 
= VitV, 

©) Vi=Va'H(Vi-Voy? (@V=Vi2(VacVo? 


(8) When a voltage V = V, cos at is appli 
vol plied across a resisto: i erage 
power dissipated per cycle in the resistor is given by eof eseance Rothery 


Vv. 
(a) by Ve 
VaR © Bor 


y? 
(d) Se 
, 2oR 


, re shy aa Alternating Current 
requency o} adjusti 
for 8 OkHz, then f Justing the capacitor of an LC cireuit. If C = Ci 


for af 
Ooo Teavency of 1200kItz.one must adjust C to 
oT 
n inductor may store energy j (d) 4c, iN | 
(0 Nits electric field eying ng tre 
(o) its magnetic field (Wy its coils ' 


‘average value of current and volt (d) both electric and magneti 
ie ero netic fields 
is 
) both (b) negative 
© 


_——- 


1 
@ e 


Ho 


€, 


(© Vb & @— 
Ve Ee 
(4) | —- waves travel in free space with the speed of 
(a) x-rays Positiv 
(c) Cathode rays oO B “rays a 
(5) The direction of propagation of an electromagnetic waves is 
(a) Perpendicular to electric field 
(b) Perpendicular to both electric and magnetic field 
(©) Perpendicular to magnetic field 
(d) Parallel to electric and magnetic field 
(16) An electromagnetic wave consists of 
(a) Electric and magnetic fields moving parallel to each other 
(b) Magnetic field moving with velocity of light in space 
(c) Electric field moving with velocity of light 
(@) Electric and magnetic fields moving perpen 
(17) Electromagnetic waves transport 


dicular to each other 


(a) Energy (b) Mass 
(c) Heat (d) None 
(18) Waves emitted from the antenna are . 
(a) Sound waves (by Electromagnetic waves 
(c) Radio waves (d) Modulated waves 
(8) A choke coil has stk “4 — 
(b) High inductance and low resista 


(@) High inductance and high resistance i i 
(©) Low inductance and high resistance (d) Low inductance and low resistance 
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(20) Natural or resonant frequency of an LC 
1 
© Gate ; 
ake OTe 
©) v 2nVJLC roe 
(21) If eapasitinté of L-C circuit is made four times then frequency of the circuit becomes 
i (b) One half 
@ Twice 
(c) Four times — i (d) None 
(22) Ina purely capacitive circuit the current: sgcioniciie scilans by oneal faut’ 
voltage by one-half of a cycle 


by one-fourth of a cycle(b) 
one-fourth of a cycle (d) lags the 
which when flowing 
eat produce 


(a) leads the voltage 
(c) lags the voltage by one- 
The value of the steady current, 
heat at the same rate as the mean rate of h 


(b) Sinusoidal current 


through the same resistor produces _ 


(23) d by the alternating current, is 


(a) Average current 
(c) r.m.s current (d) Net current ’ 
(24) To find the r.m.s value of an alternating current mathematically, we need to have 
(@) Mean value of I? (b) Square root of mean value of r 
(c) Square root of I? (d) Square of 1/2 ; 
25) An alternating current of r.m.s value of 4.0.A and frequency 50Hz flows in a circuit 
ou _containing 102 resistor. The peak current is then 
(a) 20A (b).20.66A 
(d) 5.664 


(c) 6.66A, 
ct current I flowing 


(26) An alternating current of r.m.s value of 2A and a steady dire 
through identical resistors dissipate heat at the same rate. What is the current I? 

(a) 2A (b) V2A 

(IA (@ 2V2A 

An alternating current is represented by the equation I = I,sinwt, which of the following 
equation represents an alternating current of frequency and amplitude twice that of the 


@7) 


above current? 
(a) I= 21,Sin(ot?2) (b) 1=21,Sin(2at) 
(c) I=2Isinat (d) I=I,sin(2at) 


(28) In pure resistor circuit, the voltage and current are 
(a) Lagging each other (b) at 90° phase difference 
(c) zero phase difference (d) No phase difference 

(29) The power factor of an ac circuit has the value 

(a) Unity when the circuit contains only an inductance 

(b) Unity when the circuit contains only a resistance 

(c) Unity when the circuit contains resistance and capacitor ~- 

‘ (d) Unity when the circuit contains only a capacitance 

(30) Incapacitive circuit, the current 
(a) Lags behind voltage by 2/2 (b) Is in phase with voltage 
(c) Opposite in phase of voltage by x (d) Leads the voltage by w 


‘IPS ENTRY TEST SERIES oe 
KIPS ENTRY TEST SERIES as 


www.educatedzone.com 


Cnapter 16 
Alternating Current 


A 100pF capacitor with 12 


Gv actance of about Source in series having fre i iti 
quency SOHz, will offer a capacitive 
nj 32a SSS 2 
(0) 502 (b) 609 
2) If a glass plate is inserted in betw: A 1008 
6 bulb, the brightness of the bulb Cen the plate of a capacitor in series with a lighted 
(a) Remains same : ; CR Hy 
Brightness decrease: (b) Brightness increases“ joe 
ee . (A) No light is 


The impedance of an RLC series cireuit ; i ae 
®) (@)C decreases Ties circuit is definitely increased if: y, _ 9 4 CL 
c) L decreases (8) R increases L=2A 
4) Pe wire of resistance R is coiled ind: (2) L increases Nes frases 
ed in i Ite i; . 
6 the coil at a frequency of fis uctively so that its inductance is L. The impedance of 


(a) (R+2xfL)!? 


m b) R+1 
(© (R+EL*)!? a een! 
Ammeter connected in an AC circuit measures 


) 
65 (a) Exact value of current (b) rms value of current 
yy (c) Net value of current (d) Peak value of current 
G6) When a pure inductor of inductance L, and a pure capacitor of capacitance C are 
connected in parallel to a sinusoidal potential difference V, the potential difference 


across both L&C will be 
(a) Same (b) Different 
(c) At L will be more than at C (d) At Lowill be less than at.C 
(37) When the frequency of the oscillator in a series RLC circuit is doubled 
bw the’capacitive reactance is doubled (b) the capacitive reactance is halved 
(c) the impedance is doubled (d) he current amplitude is halved 


(38) In the following circuit diagram if the frequency of the source is double then the value of 
current flowing in R will become 


> LaVEZ v0 dependence 


dnp ToS, sinwt 
AA © a 
EE; 8a 
(a) Double (b) Remain unchanged 
(c) Half (d) Four times 


G9) The rms value of an ac current is 
(a) its peak value 


(b) s average value ‘ ee is P 
© that sien current that produces the same rate of heating in a resistor as the actual current 


te as the actual current 
(@) that steady current that will charge a battery at the same ral r 
(40) AOR slecteie heater is connected to a 220V, S0Hz mains supply. What is the peak value 
f ial di nce across the heater element? 
peer aia differe! tt) 220K 
(c) 110V (d) 220V2V 
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Physics of Solids 
Crytaltine 
Solids Amorph 
se — 
= 
Regular = 
arrangement of Noregutar 3 
molecules, arrangement of Solids are more Intermedate structure 
molecules e.g glass like quid. between regular and 
irregular. 
Ordered 
structure in Ut gradually Itis also call 
: led Plastic and 
line soli soften at 8 , . 
crystalline solid nat 800°C lass solid Elia 
termed polymers. 
Amplitude No definite 
increases with the aelting point. Ichas massive 
rise in temperature. long chain 
molecule, 
Melting point 
is sharp. 
Metal e.g. Cu, Zn and 


ionic compounds e.g. 
NaClare crystalline. 


SoLips 
All solids are made up of atoms and molecules 
"of the molecules inside them, they are different classes: 
() Crystalline Solids: The solids in which the atoms are arranged in a definite, regular and long 
range order are said to be crystalline. 
Example: Quartz, mica, sugar, copper Sulphate, 


but due to their different internal arrangement 


sodium chloride etc. 


Properties: 
‘They have long range symmetry, i.e. regular arrangement Is extended over-a large volume.of 
; the crystal. 
They posse: iform chemical composition. ‘ 
ee electrical conductivity, compressibility, 


mal conductivity, 


Th i ies like the : 
© physical properties de Jues in different diréctions. 


efractive index etc, have different v4 

They have flat surface. cara 
Amorphous Solids: The solids in which ¢ 
hort range order are said to be amorphous. 


Ce 
2 
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———— SS Of Solids 


Example: Glass, rubber, sulphur etc. 
Properties: ae 

ba The distribution of atoms or molecules in these solids israndom i 
They are isotropic, i.c., they have same physical properties in all directions, 
Amorphous solids do not have sharp melting points. 
They have no characteristic geometrical shape. = ; : 
) Crystal Lattice: A crystal structure is a periodic arrangement of pul in space and ig 
obtained by associating with every lattice point a unit assembly or basis of atoms, identical ig 


composition, arrangement and orientation. iid fas 
Polymeric Solids: Polymers may be said to be more or less solid materials with a structure 


(iv) ‘ 
that is intermediate between order and disorder. They can be classified as partially or Poorly 


crystalline solids. 
Example: Polythene, polystyrene and nylon etc. 


Properties: ; ; 
* Polymers form a large group of naturally occurring and:synthetic materials, 


Polymers consist wholly or in part of chemical combinations of carbon with oxygen, 
hydrogen, nitrogen and other metallic or non-metallic elements. 

Plastics and synthetic rubbers are termed ‘Polymers’ because they are formed by 
polymerization reactions in which relatively simple molecules are chemically combined into 


massive long chain molecules, or “three dimensional” structures. 
ELASTICITY 
Elasticity: When external forces are applied on a body, which is not free to move, there is a 
change in its length, volume or shape. When these forces are removed, the body tends to 
regain its original shape and size. * 
Deforming force: The external force acting.on/a body on account of which its size or shape or 
both changes is defined as the deforming force. 
Perfectly elastic body: If a body completely recovers its original shape and size, it is called 
perfectly elastic. Example is quartz. 
Plastic body: The body which does not have the property of opposing the external deforming 


force, is known as a plastic body. 
The bodies which remain in deformed state ever after removal of the deforming forces, are 
defined as plastic bodies. Wet clay is example of plastic body. 

Note: Actually no body is perfectly elastic or perfectly plastic. All bodies behave ‘in between two 
limits. We may consider quartz as almost perfectly elastic and putty or wet clay as almost 


rfectly plastic. 

stress 

° The internal restoring force acting per unit area of a deformed. body is called stress. 

. Since in equilibrium, the magnitude of the external force is equal to the restoring force, the 
stress in equilibrium is measured by the external force per unit area. 

. Ifa force F is applied on area A, in equilibrium Stress = F/A, 

. Abe isttess developed in a body depends upon the way in which external force is applied 0” 
the body. 

. Unit of stress is Nm“ and its dimension is [Mir] 

. Depending upon, how the external forces are applied on a body, the stress is of three types: 
(a) Longitudinal stress (b) Volume sti yorker 

o> nore Stress (c) Tangential or shearing stress 

. When the stress is normal to the surface of the body, then it is kn tudinal stress. 

. This type of stress is produced due to deformation in length ov Pee criie body. 


. Longitudinal stress is of two types: (i) Tensile stress (ii) Compression stress 


ri 
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* compression stress, 


() —{fequal normal forces 
are applic 
# — yolume. The force opposing ried On ever 
volume stress, PPosing this chanpo 


tis numerically equal to 1 
Shear stress the applied extemal force p 


When the Stress is tangential or 
Due to this stress, the shape o} 


’ 
(0) 
Parallel to the surf 


f thy & 
e body changes or it get twisted, 


fractional (or relative) change Hee nes 
Strain = Changein dimension, 

: Original dimension 
The form of strain depends upon the directions of applied fe 
Strain is ratio, hence it has no unit and no dimensi oe 
Depending upon the way, ces 
@) Longitudinal (linear) strain 
+ Itisthe ratio of change in length (A/) to the original length (1). 
Changein length 
Ttsoriginal length 


Strain = 


() Volume strain 


fa body is defined as 


to decrease j 
Se In length or volume of a body, is defined as 


very surfing : 
ANKE in Volume cee, @, body, then it undergoes change in 
Per unit area of cross-section is defined as 


er uni ; 
unit area of cross-section and acts outwards. 


ce ofa body, then it is known as shear stress. 


Dody it undergoes a change in shape or size. The 
‘APC or size is called the strain, That is, : 


1 i 
he deforming forces are applied on a body, strain is of three types. 


+ __ Itis the ratio of the change in yolume (AV) to the original volume (V). Volume strain = 4 
¥ 


() Shearing strain 


Pc A 
wemay write. Shearing strain =0=tano="* 


TYPES OF MODULUS OF ELASTICITY 
YOUNG’S MOD 5 BULK MODULUS 


The angular deformation (@) in radians is called shearing strain. Since 8 is small, 


SHEAR MODULUS 


i i The ratio of the shearing 
* The ratio of  the|e The ratio of normal | ¢ i 
longitudinal stress to the stress (pressure) to stress to the shearing 
linear strain is called the volume strain is pores - ae ay 
dulus modulus of rigidity n, 0! 
Young’s modulus Y, of called bulk mo 0 
the saatetial K. the material. : 
__Linear stress Volumestress | , - Shearstress _ RA 
‘ Xs cad strain ° ~ Volumestrain Shearstrain 9 
F 
FV Gs 
ere K= ZN) oT) 
AL ar’AL es, bulk | * The concept of shear 
* Young's modulus of | ° nor Lapin two applies only to solids. The 
elasticity is numerically ee reason is that shear forces 
equal to that force which OF ial bulk are required to deform a 
when applied _on_the (a) = 
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f the unit cross: modulus of elasticity. solid and the solid tends] 
of the 2 ‘ : ; 
section, doubles _ its | (b) Adiabatic bulk to return to its Original 
Tenens modulus of shape when the  sheap 
sie elasticity. forces are removed, 
. Y is the characteristic | ¢ The value of K is|* Shear modulus does nop 
| SenuGhe ser or salld maximum for solids apply on gases ant 
Lior and minimum =| liquid because gases and 


materials only. i 
nterials only liquid do not have a 
definite shape to return 


after deformation, 


HOOKE’S LAW a ; 5 
. Within the elastic limits, the stress setup within an elastic body is proportional to the strain to 
which the body is subjected by the applied external force i.¢., Stress X Strain op 
SESE a constant. The constant is called modulus of elasticity. 

Strain 

The value of E depends upon the material of the body and not on the values of stress and strain. 

The values of E, for the same material, are different for different types of strains. 


. 
. The value of E depends upon the type of stress and strain produced rather than their values. 
. Unit of modulus of elasticity is newton meter” (Nm) or pascal. 
. Its dimensional formulalis{ML 7407] = 
ELASTIC LIMIT AND YIELD STRENGTH 
. Wien stréss is increased continuously, a point A is reache | at which & 
s the strain/increases more. This point is called elastic limit. A 
. Beyond elastic.limit, the material does not_return topits original i 

condition when the deforming force is removed. It acquires what is. 

called a “permanent set”. 

oO — Stress 


. On stressing a point B, is reached at-which the material continues to 
strain without increase in load, i.e., the wire begins to “flow down” inspite of the same 
constant load. This point:is called the “yield point”. 

. After a large strain, It reaches the “breaking point” D occurs in the material is called 
“breaking stress” or fracture stress. 

STRAIN ENERGY IN DEFORMED BODIES 

. In any type of strain, the work done per unit volume, i.e., potential energy or the strain energy 
per unit volume 


1 - 1 
U= ai StressxStrain or U= 3 x Young'smoudlusx(Longitudinalstrain) or 


1 
= a Bulk modulusx (Volume strain)* or U= tx Shear Modulus (Shearing strain)” 


ENERGY BANDS THEORY 
A solid can be treated as a densely packed s i ingi isolated 
. r i stem obtained by bringing together iso! 
single atoms. An isolated single atom possesses a number of discrete energy levels that ca” 
oceiies pees be Assi Generally the electrons exist in the ground state, when Be 
ift to higher energy levels, ici 
pea ee gy levels. Usually only the valence electrons can partici’ 


° An energy state, which cannot be occupied, is forbidden gap, 
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The band formed by a se. c 
*d by a series of enerpy Je 
valence band. The valence bag Tatty levels containing the valence electrons is known 5 
vane of the crystal ‘ay be partially or completely filled up depending upon the 
The next higher permitted band j 
i and is calle 

partially filled. In conduction band hea 
Metals have positive temper 


Physics of Solids 


Persie the conduction band. This band may be empty or 
he clectrons can move frecly. 


negative (0). 
ion of solid: 


‘OR: 

e In the case of a 
conductor, there will be no 
forbidden energy gap. The 
conduction and valence 
energy bands overlap each 
other. Obviously, the 
electrons from the valence 
band can freely enter the 
conduction energy band. 

. In conductors, 
charge carries. responsible 
for the conduction of 
electricity. are free 
electrons. 

. The electrical 
conductivity of conductors 
is of the order of 


10° (ohmx metre)". 


. Metallic conductors 
have positive temperature 
coefficient of resistance. 

. The resistance of 
conductor increases due to 
addition of impurities. 


+ All solids emplo: 
‘a) Conductors ‘Gi 


ators 


© In the case of an insulator, 
the forbidden energy band is 
very wide and hence an 
electron cannot jump across, 
from the valence energy band 
to the conduction energy 
band. Only when a very large 
amount of energy is supplied, 
an electron may be able to 
jumps across the forbidden 
band. This explains _why 
certain materials which are 
perfect insulators behave. as 
conductors. only at very high 
temperatures. In the case of 


diamond, the forbidden 
energy gap is nearly 6 eV. 
* In insulators, no free 


electrons are available for 
conduction. 

In Insulators, the valence 
band is completely filled 
while conduction band is 
completely empty, 

© The electrical conductivity 
of insulators is very low in the 
range 10°'° to 10 (ohm-m)! 
¢ [onic crystals are insulators. 
The other examples are glass, 
wood, paper, mica, diamond, 


ed in electrical work may be c'! 


rature ¢ aT . 
efficient (a4) of resistance while semiconductors have 


ied into the following 


In the case of 
semiconductors, the forbidden 
energy band is comparatively 
small. For example 0.7eV for 
(Ge) and 1.1 eV for silicon. In 
these cases, when a small 
amount of energy is supplied, 
the electrons can easily jump 
across the forbidden energy 
band and reach the conduction 
energy band. 

Semiconductor has.a.much 
smaller energy gap (Eg) 
between the top of the highest 
filled band (called valence 
band) and the bottom of the 
vacant band just above it 
called the conduction band. 


© The conductivity of 
semiconductors is of the order 
of 1(ohm-m) °. 

© The conductivity of 
semiconductors increase with 
increase in temperature. 

In semiconductors, electrical 
conduction is due to electrons 
and holes. 

* Semiconductors have 
negative temperature 
coefficient of resistance. 

e The resistance of 
semiconductor decreases due 
to the addition of impurities. 
At absolute zero temperature, 
conduction band is completely 
empty and the semiconductor 
behaves as an insulator. 


ceramic, plastic etc. 


‘N-type semiconductor 
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I MICONDUCTOR 
= When a small amount of Pentaval 
Impurity (Examples: Phosphorus, arse cy 
antimony etc.) is added to an_ intrinsic 
semiconductor, we obtain an N-type extrinsic 


semiconductor. 
. In the N-type semiconductor, the 


number of electrons in the conduction band > 
number of holes in the valence band, 

. The impurity atoms in N-type 
extrinsic semiconductor are called donor 
atoms as they donate an extra electron to 
pure semiconductor or host lattice. 

. In the N-type semiconductor, electrons 
are called as majority charge carriers, 
whereas holes are called minority charge 
carriers. 

. In the N-type semiconductor , the 
Fermi level shifts towards the conduction 
band. 

~ There is 


no charge 


combination of free negatively charged 
electrons and fixed majority cartier, 


'* 


on N-type 
semiconductor because it is formed by the 
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EMICONDUCTOR 
When a small amount or trivalent 
ity (Examples: gallium, indium, 
tne a) is added to an intrinsic 
semiconductor, we obtain a P-type extrinsic 
semiconductor. . 
. ‘The impurity atoms in P-type extrinsic 
semiconductor are called acceptor atoms, as they 
accept an electron from the host lattice. 
. In the P-type semiconductor, the 
number of holes in the valence band > 
number of electrons in the conduction band, 
. In the P-type semiconductor holes are 
majority charge carriers while electrons 
are minority charge carriers. 


. In P-type semiconductor, the Fermi 
level shifts towards the valence band. 
. There is no charge on P-type 


semiconductor also, because it is formed by the 
combination of free positively charged holes and 
fixed negatively charged acceptor ions. 

° The energy levels of the hole can also 
be calculated approximately using Bohf model. 


PARAM 


. Diamagnetic ° 
substances are feebly 
repelled by the magnet, 


Paramagnetic e 
substances are feebly 
attracted by the magnet. 


Ferromagnetic 
substances are strongly 
attracted by the magnet. 


* Atoms donot have any | 
permanent dipole moment. 


Atoms have . 
permanent dipole 
moments which are 
randomly oriented, 


Atoms have 
permanent dipole 
moments which are 
organized in domains. 


© Magnetization is small, 


i ° Magnetization is . Magnetization is 
negative and varies linearly small, positive and varies very large, positive and 
with field. linearly with field. varies non-linearly with 

field, 
. Susceptibility is small, | ¢ Susceptibility is . Susceptibility is very 
negative and temperature small, positive and varies large, positive and 
independent. inversely with temperature dependent. 


temperature, 


, Relative permeability 
L, is slightly lesser than 


Relative permeability 
is slightly greater than 


Relative 
permeability is much 


- vale : unity, grater than unity. 
This property is . This property is . The property is 
exhibited by solids, liquids exhibited by solids, exhibited by solids only, 


and pases. liquids and gases. 
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* independent of . It decreases with 


ie ae 
I z a 
in temperature, It decreases with rist 


temperature, in temperature and 


by 
~ a above curie temperature 
BI, Cu, Ag, He, Pb — becomes para. 
. . a . Pi 
a) water hydrogen, He, Ne etc Cr, ub , Ss Mg, Mn, Al, [« Fe, Cc, Ni and their 
hi are diamagnetic. aie passing te oxygen | alloys are ferromagnetic. 


\ron will become magnetized in the 
direction of any applied magnatic 


Mie field. This magnetization will produce 

\ 8 magnetic pole in the Iron opposite to 

" that pole which is nearest to 
an It, $0 the iron will be attracted 

thay to elther pote of a magnet. 

J omen 

oy 


eoem IIlll 


i Exte i 
tka meio pralrd ! 
pb unmagnetized. magnetic field. ; 
___ Jf suPER CONDUCTORS 


Temperature at which material losses its resistivity and becomes super conductor is called 
critical temperature. 

The first super conductor was discovered in 1911. 

Critical temperature of Al (T.=1.18K), tin (T.=3.72K), lead (T.=7.2K) & Hg(T.=4.2K). 
Complex crystalline structure known as yttrium barium copper oxide (YBa2Cu307) is super 
conductor at 163K i.e. at 110°C 

Any superconductor with a critical temperature above 77 k, the boilig point of liquid nitrogen, 


Ae is referred as a high temperature superconductor. 
Uses 
a Magnetic resonance imaging (MRI) 
a Magnetic Levitation trains 
s Powerful but small electric motors 


Faster computer chips 

Concentrating U2 gas in centrifuge system. 

Magnetic Hysteresis ; 
of current is always greater when the current is 


i any value : Seth 
The a of tox density, a alee i.e. magnetism lags behind the magnetizing current. 


Saturation 
The magnetic flux density ii 
the material is said to be maj 


increases from zero and reaches a maximum value. At this stage, 


gnetically saturated. 
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Remanence or Retantivity 
When the current is reduced to zero, the material still remains strongly magnetized, It is due 
to the tendency of domains to stay partly in line, once they have been aligned. 

Coercivity 
To demagnetize the material, the magnetizing current is reversed and increased to reduce the 


magnetization to zero; this is known as coercive current. 


. Once the material is magnetized, its magnetization curve never passes through the origi 


The Coercivity of steel is more than iron, so itrequires more current to demagnetize. 
Area of loop 


. The area of Hysteresis loop is a measure of the energy needed to magnetize and demagnetize 


the specimen during each‘ cycle. This is the energy required to do work against internal 
friction of domains. This work is done against friction, is dissipated as heat. It is called 


Hysteresis loss. 


A material with high retentively and large coercive force, 
permanent magnet. * 


would be most suitable to make a 
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Which of the followin, 


) (a) Rubber B substances POSSesses the hi 
C z he highest elasticity? 

(c)Copper (b) Glass : 
@) What isthe SE unit of modutus of eae) 9 

@) Nm* S$ Of © lasticity of a substance? 

(c) Nm (b) Jm? 

are the di si cing 

@ Sa rg e dimensions of stress? (d) Being a number, it has no unit 


(c) ML'T? (b) ML27! 
The figure shows the stress (d) ML°7"! 
# graph is Hook's law obeyed ui” Btaph of 


4 certain substance, Over which region of the 


s 
@) AB t 
(b( BC E 
(CD . 
@) ED : 
f STRAIN 
i) Which one of the following physical quantities does not have the dimensions of force per 
unit area? 
see(a),Stress (b) Strain 
~ (ce) Young’s modulus (d) Pressure 
_ Ifa wire is stretched to double of its length then the strain will be 
_ (a),zero (b) 1 
—()% (d) Double 


_ Awire of length L.is stretched by a length { when.a force’F is applied at one end. If the 
elastic limit is not exceeded, the amount of energy stored in the wire is 
(a) Fe (b) 4 (Fe) 


(©) Fe7/L (d) ter 


(8) When a force is applied at one end of an elastic wire, it produces a strain ¢ in the wire. If 
Y is the young’s modulus of the material of the wire, the amount of energy stored per 
unit volume of the wire is given by 
(a) Ye (b) 4 Ye. 

pore Niece ttachi ight of 20 N to 
9) i rtically from one end, is stretched by attaching a weight o 
4 = pee tas ashi retin the wire by Imm. How much energy is gained by the 


‘ire? 
(0.011 008 
(c) 0.045 Me 


tored in deformed material is valid for 
(b) Non-elastic region 
(d) Elastic for small force 


(10) The area method to find energy 8 
(a) Elastic region 


(c) Botha & b 

(11) N-type crystals have (b) Negative charge 
(a) Positive charge (d) none of these 
(c) neutral 


eae oe 
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(12) The resistivity of semiconductor is of the order of, 
(a) 10° to ae (b) 10% to 10° 2m 
(©) 10" to 107° Om @10°Qm ie 
(13) Materials that undergo plastic deformation before breaking are calle 
(@) Brittle (b) ee 
(c) Amorphous (d) Polymers 
(14) How does the Young’s modulus relates with the temperature 
(a) inversely (b) directly 
(c) does not depend (d) none of these 
(15) At 0 Ka piece of Si has 
Conduction band Valence band 
(a) Filled Filled 
(b) Empty Filled 
(c) Empty Empty 
(d) Filed Empty 
(16) Which of the following group represent doner atoms 
(a) Indium, aluminum, phosphorous (b) Aluminum, indium, gallium 
(c) Phosphorous, antimony, arsenic (d) None 
(17) Any alteration produced in shapes,.length or volume when a. body is subjected to some. 
external force is called 
(a) Stiffness (b) Toughness 
(c) Extension (d) Deformation 
(18) The energy band occupied by the valence electrons is called 
(a) Energy state. (b) Valence band 
(c) -ve energy state (@) conduction band 
(19) ae curie temperature is that at which 
a) Semi-conductor becomes conductors —_(b) Ferromagnetic becomes paramagnetic 
(c) Paramagnetic becomes: diamagnetic (d) Metals become super cou 
(20) one ae will become fully magnetized at 
‘a) High voltage A.C 
(c) Alternating current at its peak value ® De ies | val 
(21) bile | the following produce magnetic field . . 
‘a) Orbital motion of electron i i 
any (2) Sin motion of nucleus Ra enon oF election 
Materials in whi i i : 
(22) Ma eile in which valence electrons are tightly bound to their atoms at low temperature 
‘Semi conduct 
o Pau ene @ Super conductors 
23) The modulus of elasticity of liquids is y Conta 
Cc} 
Nera (b) zero 
(c) infinity (d 
(24) The young’s modulus of wire of length Loan ier these 
La and radius to £72, its Young's madelnn pelts Fis ¥. If the length is reduced to 
a, 
(b) 2Y 
() Y (d) 4y 
(25) Which of the following is not true for at 
(a) short range order " ne substance? 
(c) Sharp melting point (al? melting point 
(26) Ate in a p— type semiconductor is 
‘a) an excess electron (b) a missi 
aR issing elect 
(c) a missing atom (d) a donor level e 
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Cus! Physics of Solids 
The band theory of solids explains satisfactorily the nature of 


(a) Electrical insulators alone 


(b) Electrical conductors alone: 


©) Electrical semi conductors alone (d) All of the ab 
ove 


‘Ayacant or partially filled band is called 


Conduction band 
(a) Cor am (b) Valence band 


(6) Forbidden band (a) Empty band 
Acompletely filled band is called 

(a) Conduction band (b) Valence band 

(c) Forbidden band (d) Core band 

The electrons in conduction band are free to 

(a) Transport vibrations (b) Transport signals 
(c) Transport charge (d) Transport impulses 


The energy level diagram shown applies to: 


emi ict 
(c) an insulator (d) a conductor 
With increase in temperature the electrical conductivity of intrinsic semi conductor 


(a) Decreases (b) Increases 
(c) Remains same (d) First increases then decreases 

Holes can exist in 

(a) Conductors (b) Insulators 

(c) Semi conductors — (d) All of the above 

‘oung’s modulus is a proportionality constant that relates the force per unit area 


perpendicularly at the surface of an object to: 
e shear (b) the fractional change in volume 


fractional change in length (d) the pressure 
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(35) 


(36) 


(37) 


(38) 


(39) 


(40) 


sare 


In a semiconductors, the charge cai 
(a) Holes only (b) Electrons only 
(c) Electron and holes both (d) All of the above 


The ultimate strength of a sample is the stress at which the sample: 


(a) remains underwater 
(b) returns to its original shape when the stress is removed 


(c) bends 180° 


(d) breaks 

Very weak magnetic fields are detected by 

(a) Squids (b) Magnetic resonance imaging (MRI) 
(c) Magnetometer (d) Oscilloscope 

Energy needed to magnetize and demagnetize is represented by. 

(a) Hysteresis curve (b) Hysteresis loop area 

(c) Hysteresis loop (d) Straight line 

In simple cube, one atom or molecule lies at its. 

(a) force corners (b) nine corners 

(c) eight corners (d) six corners 


The bulk modulus is a proportionality constant that relates the pressure acting on an 


object to: 
(a) the fractional change in volume (b) the shear 
(c) the fractional change in lengt (d) the spring constant 
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Chapter-18 a} 


-n JUNCTION AND ITS CHARACTERISTICS ; ; 
ea eee encuon is formed when @ crystal of aarerneny ints ‘and the other rat 
way that if one half of crystal is doped with a t alf 


with pentavalent impurity 
P 


n 


Its n-region contains free electrons as majority charge carriers and p-region 


contains holes as majority charge carriers. ‘ : 
jers are holes while electrons are minority 


. In N-region the minority charge carr! 
charge carriers in case of P-region. , : 
e Just after the formation of the junction, the free electrons in the n-region because 


of their random motion diffuse into p-region. As a result, a charge less region is 
formed around the junction in which charge carriers are not present. This region is 
known as depletion region. 


Do you know? 
An extrinsic semi conductor i.e. a semi conductor after doping still 
remains electrically neutral whether it is p-type or n-type 


FORWARD BIASED p-n JUNCTION 


When an external potential difference is applied across a p-n junction such as p- 
side is connected with positive and n-side with negative terminals of the battery. 

. The external potential difference supplies energy to free electrons and holes in the 
n-region and p-region respectively. When. this energy is sufficient to overcome the 
potential barrier, a current of the order of a few mili-amperes begins to flow across 
the p-n junction. In this state, p-n junction is said to be forward biased. 

. If for ward bias voltage is increased by AV;, the current increases by Aly. The ratio 


AV, . 
—~ is known as forward resistance of the p-n junction. i.e. 
f 
AP, 
rat 
Al, 


The forward biased barrier potential for silicon is 0.7V hil ium is 0.3V. 
REVERSE BIASED p-n JUNCTION while for Germanium is 


When the external source of voltage is applied across a p-n junction such that its 
positive terminal is connected to n-region and its negative terminal to p-region 


° In reverse biased situation, no current flows due to the majority charge carriers. 
However a very small current, of the order of few micro amperes, flows across the 
junction due to flow of minority charge carriers, known as reverse ‘current or leakage 


current. 
. Leakage current increases with increase in voltage, 
° At a certain high voltage the reverse current increases sharply. This voltage is called 


break down voltage. 
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breakdown 


For your information| 
The leakage cu: is i i ili i 
rm Trent for Ge is in amperes while for silicon it is in microamperes. 


CTIFICATION 
Conversion of alternating current into direct current is called rectification. 


. There are two very common types of rectification. 
Half-wave rectification (HWR) a4 B 


. One diode is used. signal Output 
. For upper half or lower half is rectified. © BE signal 
Can be used for charging battery. 


More pulsations:in.the output wave form. 
Average value of the out put DC signal drops. 
ication. 


Can be carried out in two ways 


Full Wave 
Rectification 


‘Ordinary trans former 
with bridge rectifier 
circuit employing four 
dio des 


Centre tap transformer 
with two diodes 


* Four diodes are used. 5 ; 
© Two diodes remains ON (FWD Biased) in each half of the input cycle while other 


two remains off (Reverse Biased) in the same half o the cycle. 
= A 
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Summary ne 
If input wave has “T” Time period then ck 
O-T/2  D,&D3-Off and mp 


TIME 


Advantages 

e Very inexpensive method of rectification. 

* Average values do not drop significantly. 

. Lesser pulsations are therein the signal.compared to HWR. 
Do you know? 


The frequency of the FWR wave is two times the source frequency 


SPECIALLY DESIGNED p-n JUNCTIONS 
Light Emitting Diode 


° Light emitting diodes (LED) are made from special semi-conductors such as gallium 
arsenide and gallium arsenide phosphide. 

. When an electron combines with a hole during forward bias conduction, a photon of 
visible light is emitted.. 

. Convert Electric energy in to light 

Photo Diode 


Photo diode is used for detection of light. 
o A photo diode can turn its current ON and OFF in nano seconds, 
e; Photo diode is fastest nhota detection device, 


OD 
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The photo diode is, operated 
in reverse biased region- + 


a4 
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tions ‘ 
seFetection of both visible and invisibl 
f ee Ce thle spectrums 


Optical 
(Hs goltade Cell 


0) ; 
phe such cells are p-n junction in 


¢ whi i iit i 
Sted to drive a current through pla Potential barrier between p and n regions is 


<rmal circuit when light is incident on junction. 


PHOTOV 
a @ Allocation aEeic CELL 


that can 
= Free electne accept an electron 


Proton 
@ Tightly-held electron 
1 


SOC SO8OCCSCe p-layer 


Step 2 
paslve charge 
FOOOSe OOS80OSO | ™« 
z p-n junction| 
Jeeeece 1® @ @@ @ @| p-layer 


‘n-layer -- | 
p-n junction 


is di i the intensity of light: 
The current is directly proportional to : 
In order to obtain greater power, series-parallel arrays of thousands cot such cet s 
areviigetl forming photovoltaic panels and are commonly used i} 
space stations. 
ae Jectronic circuit con: 
An active component of an electron’ ve 
material to ich at least three electrical contacts are mai 


Field effect 


sisting of a small block of semi-conducting 
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Types of Transistors 


° n two n-type materials i: 
OE rier ie which p-type material is sandwiched betwee! yp fa 
known as n-p-n transistor. 


Collector 


Emitter 


Circuit 
Symbol 


Collector (C) 


Base (B) 


Emitter (E) 


Terminals Of Transistors 
Emitter: It provides majority carriers for current flow 
Base: It controls the current between emitter & base, 
Collector: It collects the emitted majority carrier from circuit operation, 
The emitter has greater concentration of impurity as compared to the collector, Collector is 
physically larger than emitter. 


Current Flow in n-p-n Transistor 


* Emitter base junction is forward biased, 
* Emitter injects a large number of electrons in base region. 
© [e=Ie+lp, In<<ke 


Transistor gain of current (B) = 
ib 
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grsssistor as an Amplifier 
junction transistor in the eo: 


’ a suitable resistor, called 


/ (7 


re= in put emitter resistance 
V, 
e ratio of i 
7 The 7 is called voltage gain of the amplifi 


mmo} 
2 load is er emitter mode can act as a voltage amplifier, if 
nected in the collector circuil 


1a 


ng 
A 
iw 


qransistor as a Switch 


Transistors are used as switches in many important ele 
In order to turn on the switch, a large potential V g 
terminals. ‘i ‘5 18 applied between control 
An electronic computer i i 
Nee eran basically vast arrangement of electronic switches, which 
RATIONAL AMPLIFIER 

9 operational amplifier is so called because it can perform electronically. 

he term operational amplifier or "op-amp" refers to a class of high-gain DC coupled 
amplifiers with two inputs and a single output. The modern integrated circuit 
version is typified by the famous 741 op-amp. Some of the general characteristics of 
the IC version are: 


, . Inverting 
+ High gain, on the order of a million input, 
« Highinput impedance, low output impedance Output 
* Used with split supply, usually +/- 15V 
+ Used with feedback, with gain determined by the x 
feedback network. inverting 
input 


RACTERISTICS OF OPERATIONAL AMPLIFIER 
input resistance 
It is resistance between the 
of the order of several mega ohms. 
No current flows between two inputs. 
Low Output resistance 
It is the resistance between. the outpu' 
Its value is only few ohms 
High voltage gain 
It also called open loop 


V, 
hi Any 


s very high ~105. 


(+) and (-) inputs of the amplifier. Its value is very high 


t terminal and ground. 


gain denoted by Ao: 


Gain= 


WK 
The open loop gain for amplifier i 
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OP-AMP AS INVERTING AMPLIFIER q hasty 
* The non-inverting terminal (+) is grounded; its potential is zero 


Vv. 
and 1,=-<> 
ani LR! 


A 
R 
No current flows between (+) and (-) terminals. Therefore, by Kirchhoffs rule. 


hel 


© Signal is inverted 
R 


* Gain is defined as the ratio of output voltage to input voltage. G =~ 
q 


OP-AMP AS NON-INVERTING AMPLIFIERS 
* In this case the input signal V/ is applied at the non-inverting terminal (+).~ « 


Gain only depends upon values of Re and Ri and is independent of the open loop 


gain of the OP-AMP. 
OP-, AMP AS A COMPARATOR 
. 1 ae usually requires two power supplies of equal voltage, but of opposite 
. Most OP-AMP operate with Vcc = +12V supply. 


a ee 
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MPARATOR AS A NIGHT SWITCH 


Oe ee INTENSITY OF Det 


WHEN INTENSITY OF 
LIGHT FALI 
LS BELOW A CERTAIN LEVEL, THE STREETLIGHT IS 


AUTOMATICALLY SWITC! 
HED ON. T! 
COMPARATOR. HIS CAN BE ACCOMPLISHED BY USING OP-AMP AS A 


LOR IS LIGHT DEPENDENT RESISTANCE 


LOGIC GATES 


1 Rs 
v R, +R; * Vee 
? provi = 
u aera the voltage to (-) input of OP-AMP. 
AtDaytme 
Vi >V, 

and Vo = -Vee 

Light switched off 
At Night 
Vi<Ve 
Vo = +Vee 

Light switched on 


ding blocks of a digital system, A logic gate is & digital circuit _ 

eae pe A 8 jogie relationshi ween the input and output voltage of 

the circuit. That is, a logic gate gives, an output for various combinations. of the 
it. That 1) og are built using the semiconductor diodes and transistors. 


inputs. The logic gates ; 
There are. three basic logic gates. They are: / 
BOI (a) OR gate (b) AND gate (c) NOT gate. 
BOOLEAN ALGEBRA : 

agigebra of logic” which is called “Boolean Algebra’. 


nly two values or states for its 
" in the logic, “on” and “off” 


George Boolea® develope pra is that it permits © 
“0” and «1", Thus each 


The main feature of this utrue” and “false 
Vasables. These two states TT racy way these are 


www.educatedzone.com 


Electronics 


Chapter-18 
RGATE i ite has two 
= OR gate is device that combines A with B to give Y. the OR gate (or more) 
: A 
inputs and one output. sana ieimiaies 
i ‘i i gate is shown 
. The symbolic representation of a two input OR Lee ceosvaluesrie,, 8 


These variables A, B and Y have only one v ait é 
either 0 or 1. The OR gate has an output 1 when SS niaputs AtB=Y 
both A and B are 1. Obviously the output would be 0 i 
are 0. . . 

i ion i B=Y read as “A OR B equal Y 
The OR gate in terms of Boolean expression is A + B a . 
The meantag of this equation is that Y is true when either A is true or Bis true or both 
are true. 


i ives the output states for all possible inputs. 
eae aa Equivalent switching circuit to OR Gate 
AA A. 


TRUTH TABLE 
L—_-2] |4_@| 
BA BA 
Bulb soir Bulb on 
AA. AA 
1,_@| L_2 
BA BA 
1,0 state 1,1 state 
Bulb is on Bulb ison 
AND GATE : 
The AND gate is circuit which provides an output when all the inputs are 
simultaneously present. A 
The symbolic representation of a two input AND gate is shown ‘in figure. Y 


TRUTH TABLE 


The AND circuit has two (or more inputs and one output, Here B 
also the two inputs have been marked as A and B while output. A.B=Y 
as Y, A, B and Y are Boolean variables, i.e., having only two values, i.e., either 0 or 
1. The AND gate has an output 1 when its both A and B are 1. 
The AND gate in terms of Boolean expression is A.B = Y read as “A AND B equals to Y”. 
The logical meaning of this equation is that Y is true when both A and B are true. 
* Equivalent switching circuit to OR Gate 
AA 


AA 
Se eae 7 r BA _P 
9.0 state 
0 1 0 Bulb is off 
1 0 0 
A 
1 1 I - 
+ 1 
L_BA__|] 
1,0 state. 
Bulbs oll Bilbo 
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Gy opt OR INVERTOR Electronics 


yo ¢ NOT ct uit has one jn 


iy not the 17 ; e OULUL, It is alyo calle Errante! 
7 qa ia not the same a i input IL inverts the in alo called NOT gate because 
pus vthe input function,” PUSTiY of the pulse applied to 1. 


bolic rep mati 
qhe sym ‘ ton of the NOT yate is as , 
1 when Ais 0, Y is 1 when A is 1, Y is 9 Bale is as shown in figure. —_p— 
symbol a 
Symbol (-) ig . : 
1 Fey reads “NOP A equals to Y», | i ) 's referred as NOT. The Boolean expression 
- ILimplies that Y is negation (or inversion) of A. 


TABLE 


ve NOT truth Table 


In Boolean algebra, the bar 


o{1 


1} 0 


esto GATE 

i ination of 

' Danae tee bs NOT gate. If the output Y” of AND gate is connected to 
the Inp| gale, ‘esulting gate is called NAND gate. The Boolian expression for 


NAND gate is 


|_| a 
NOR GATE 
+ The NOR gate is a combination of OR gate and NOT gate. If the output Y" of OR’ gate is 
connected to the input NOT gate, the resulting gate is called NOR gate. The Boolian 


lo 
ololo|— 
o> 
, 


_ EXCLUSIVE OR GATE (XOR) 


* The output of the exclusive - OR Gate is | if its either input, but not both is 1. Which means 
that when the two input are different (one is 0 and the other 1) the output is 1. 
Y=AB+AB 


A.BtAB=Y 


rator or detector because it produces output only 


Note: “Thiy circuit is also called an “inequality ope 
when the two inputs i ‘ 
hen the two inputs are differetfyy yy 4ucatedzone.com 
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EXCLUSIVE NOR GATE (XNOR} 


. The exclusive NOR gate, abbreviated as Ex-NOR, operates exactly opposite to Ex-abbreviated as 
Ex-NOR, operates exactly opposite to Ex-OR gate 
Y=AB+AB 


* "Repeated use of any of the basic gates (OR, AND and NOT) alone does not produce a 
different gate. However, the repeated use of NAND (or NOR) gate can produce all the 
three basic gates. Hence, the NAND (or NOR) serves as a building block in digital 

“circuits. 

. To obtain NOT gate from NAND gate: When the two inputs A and B of the NAND 

gate are joined together to make one input, then NAND gate works as NOT gate, 


using A = B in the truth table of NAND gate we get the truth table of NOT gate. 
A 
———— 
, 


1 1 ) 
° Fo obtain AND gate from NAND gate: When the output Y’ of the NAND gate in 
connected to the input of the NOT gate (made’ from NAND gate by joining. its two 
inputs together), the combination functions as an AND" gate. Negation of last 
column of the truth table of NAND gate gives the truth table of AND gate, provided 


we read columns A, B and Y i 


0 0 
0 1 
1 0 
1 1 


Hlololo 


o}-|-}— 


. To obtain OR gate from NAND gate: When the two inputs of a NAND gates are 
joined together, it works as a NOT gate. Now, if-the inputs A’and Bare inverted by 


using two NOT gates (obtained from two NAND gates) and the resulting outputs A 
and B are fed into a third NAND. gate, then the.arraggement:works as an OR gate. 


: NOT Gates 
‘ (obtained from NAND Gates) 
, X 
Aas NAW Gane 
a a a y 
sia 0 1 : 
i I 0 0.1 5 5 


. ras Woakinscton of the truth table of this arrangement is explained. The columns 
A, B ‘and Y of-this table form the truth table of a NAND gate. The truth table of OR 
gate is'obtained by reading.A, B and Y only, 
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PRACTICE EXERCISE 


In p-type semiconductor the majority inori 
ere cealconi Jority and minority charge carriers are 


(oelectrons and proton alec holes 

Be cia 5 les and protons 

ea ictors with donor atoms and free electrons belong to the type 

(c\mix {OP 

Diode can work as 

(a)oscillator 

(c)generator 

Acceptor and donor impurities donate 

(a)n-céfriers only : (b)p-carriers only 

()p-carriers and n- carriers respectively _(d)n-carriers and p-carriers respectively 

p-n junction when reversed biased acts as a 

(a)capacitor é (b)inductor 

(c)on switch (off switch 

In p-n-p transistor, the collector current is 

(a)equal to emitter current (b)slightly less than emitter current 

(c)greater than emitter current. (d)any of above 

In n-p-n transistor, p works as 

(a)collector ~ (b)emitter 
(d)any of above 

plest type of rectification known.as half wave rectification is obtained by 


(d)any of above 


(b)transformer 
(d)rectifier 


sing the harmonics in A.C voltage 
uy ing half wave of A:C:supply by using diode 
ing a Coolidge tube 

itify the correct statement about minority carriers- 
(aJholes in'n-type and free electrons in p-type (b)holes in n-type and p-type 
(free electrons in n-type and holes in p-type (d)free electrons in n-type and p-type 
Depletion region of a junction is formed______ 
(@)during the manufacturing process (byunder forward bias 
(c)under reverse bias (d)when temperature varies 
The combination of these gates are equivalent to 


(b) NOT gate 
(d) XNOR gate 


to a large value in a pn junction diode, the current 
increasing the reverse bias to a larg Me aia axed 


outs ly (d)decreases slowly 
th one of the following has the Bestest ener gap? 
(d)all of above 
‘the order of. 
(b)10% ohm metre 
(d)10* ohm metre 


value of resistivity for conductor is of 
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(15) 


Which of the following will represent OR gate 


Y 


so oo 

©) (@) 
(16) Hole is equivalent to / 

(aYa positive charge (b) a negative charge 

(c)a neutral particle (d)an electron 
(17) Which one of the following is not a donor impurity? 

(a)antimony (b)phosphorus 

(c)aluminium (d)arsenic ¢ 
(18) Forward current through a semi conductor diode circuit is due to 

(a)minority carriers _Abymajority carriers ( 

(c)holes (delectrons 
(19) In the transistor schematic symbol, the arrow 

Aa) located on the emitter (b)is located on the base 

(c)is locate on the collector (d)points form north to south 

(20) Thesymbol of n-p-n transistor is 
E B 
\/ Se 
(a) eel 
Cc B 
B 

(©) (d) none of these 
21) _ In full Wave rectification, the output D.C. voltage across the load is obtained for. 

(a) Thelpositive half cycle of input A.C... “(b) The negative half cycle of input A.C. 

The complete cycle of input A.C. (d) All of the above, 
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‘The semiconductor diode ea 
2) 0 can be used as 4 i 
( Aay It has low resistance to the cient flow when ame 
h whe Caan ET ETT ae 
a based when forward biased & high resistance when 
(b) It has low resistance to the curr 
rede ent flow when forward bi 
(c) It has high resistance to the current flow wher Het ae 
(d) Its conductivity increases with rise oftampeatures ie 
re, 


@) Diagram shows three logic gates X, Y and Z. 


Which of the following is correct about the names of the three logic gates? 
x Y ZL 
(a) | NAND | NOR | NOT 
Aby}NOT | NAND | NOR 
(c)| NOR | AND | NOT 


(d) | NAND | NOT | NOR 
(24) The device or circuit used for conversion of A.C. into D.C. is called 


(a) An amplifier. _-(b) A rectifier 
(c) Filtering cireuit (d) Converter. 
The device used for conyersion of D.C, to A.C. is called 
(a) Converter (b) Amplifier 
(c) Inverter (d) Oscillator 
(26) The specially designed semiconductor diodes used as indicator lamps in electronic 
circuits are ‘ 
(a) The switch (oy The light emitting diode 
—\ (©) The photo diodes (d) Solar cells. 
(21) The specially designed semi-conductor diodes used as fast counters in electronic circuits 
are 
(a) The light emitting diodes (b) Photo diodes 


<3 (©) Photo voltaic cell (d) Solar cells. 
(8) The alternating yoltage is an example of 
(a) A digital waveform (b) An analogue waveform 
(c) Discrete waveform  @ None atall ? 
Q9) For amplification by @ transistor the signal to be amplified is connected between the 
(a) emitter and collector byemitter and base 
(c) base and collector (d) any of the above 
@ AND operation ean be represented by 
(a) Two switches in series 
(©) Both “a” and “b” 
NAND gate is a combination of 
_&8) AND gate and NOT gate 
(c) OR gate and NOT gate 


(b) Two switches in parallel 
(d) None of these 

(31) 
(b) AND gate and OR gate: “ 
(d) NOT gate and NOT gate 
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(32) To obtain an n-type semiconductor germanium crystal, it must.be doped with foreign 
atoms whose valency is 


(a)2 : (b)3 
()4 % (dys 
(33), The gate which changes the logic Jevel to its opposite level 
(a) NOR gate (db) NOT gate 
(©) NAND gate (d) Any of these 
(34) X= AB+AB is Boolean expression for 
(al) OR g (bY X NOR gate 
(a) NAND gate (d) X-OR gate 
(35) In forward bias the width of potential barrier 
(a) Increases Ab) Decreases 
()Remains same (d) No effect 


(36) For the manipulation of the quantities, which have values 1 and 0 special algebra is 
used called: 


(a) Simple Algebra (b) Newton Algebra 
(c) Leibnitz Algebra ° Ad) Boolean algebra 
(37) The electronic circuits:‘which implement the various logic operations are called 
~ (ay Logic gates + (b) Boolean algebra 
- (c) Amplifier gain (d) Logic functions 
(3) Au OP-AMP as a Ne i is'a‘circuit that compares the signal voltage on one of its 
inputs with a 
*@) Non-inverting yoltage at ‘output | (b) Reference voltage. on the.other 
(© Virtual input a > (d) Output 
(39) An OP-AMPs can amplify 
(a) D.C. (b) A.C. 
4eF Both A.C. & D.C. : (d) None of the above 
(40) Non-inverting’ amplifier circuits have : 
(a)'A very high input. impedance (b) A very low input impedance 
(c) A low output impedance* + (d) None of the above 
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Dawn of Modern Physics 


PHYSICS 


Classical Physics 


CLASSICAL: PHYSICS 
It is based upon classical mechanics or 
Newtonian mechanics 


Modern Physics 


MODERN PHYSICS 
It is based upon quantum mechanics 


It consists of Newton’s laws of motion and 
other laws dealing at macroscopic level. It 
deals at ordinary everyday life. 


It is a discipline of laws of physics that deals 
at microscopic level as well as macro levels if 
car is consider as special case. 


‘Span of classical physics include; 
(i) Newton’s three laws of motion. 
(ii) Newton's law of gravitation, 

(iii) Four laws of thermodynamics. 
(iv) Gas laws. 

(v) Maxwell’s equation of e.m waves. 


‘Span of modern physics includes; 
(i) Michelson’s and Morley’s findings. 
(ii) Schiodinger wave equations. 

(iii) De-Broglie. hypothesis. 

(iv) Bohr’s ideas. 

(v) Heisenberg’s uncertainty principle. 
(vi) Plank’s theory. 

(vii) Special theory of relativity 

(viii) General theory of relativity. 


IDEAS OF MODERN PHYSICS 
+ Light is an electromagnetic wave 


* Light consists of photons, each having energy E = hf» 
© Speed of ight is a universal constant.in vacuum that is independent of motion of source and observers. 
*  Absorptionyand emission of electromagnetic waves takes place in the form of 


packets of energy called photons. 
All motions and rest are relative. 


Wave - particle duality. 


ELATIVE MOTION 


eo erpe ce eee wees 


different results. 
FRAME OF REFERENCE 


True laws of physics retain their mathematical sje in all inertial frame of reference. 
There is nothing like absolute rest or motion. 


Reaction takes some time to replay, after action: 

Matter waves are associated with moving particles. 

Einstein Equation’s Energy mass relation is E = me? 

Photon is splitted into a pair of electron and positron, process called pair production. 
Positron and electron are annihilated to photon, 

Position, momentum, energy and time can’t be measured accurately at same time. 


The concept of direction is purely relative. 
The experiments give same results in same frame of reference. In different frames, give 


The coordinate system x, y and z axes from where observation is made is called 


frame of reference. 


© _Imertial frame is that either it is at rest or moving with uniform velocity. 
. Non inertial frame is that which is in accelerated motion. 
¢ Earth may be considered as an inertial frame of reference for motion on Earth. 
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The frame of reference in ee Know? 
Beet w he 
inertial frame of reference hich the law of inertia is valid is called as 


THEORY OF RELATIVITY 
‘ In an Einstein put forward his theory of relativity. 
é Special theory of relativity deals with inertial frames of reference 


Important Results of Special Theory of Relativi 
m, 
+ m= 
hw 
or 
+ 1=l, ree (Lorentz Contraction) 
ts ea 
+ t= 7 where v = relativistic speed 
Ka 
c 
+ E = mc? 


+ All motions and.rest are relative. 
+ No body moves with velocity greater than Velocity of light. 
For your information 
At ordinary speed (as in common 
m=mMo 
t=f asv*c 
t=to - os er e 
that is why we don’t observe any change in length, mass and time in ordinary life. 
NAVSTAR NAVIGATION SYSTEM : 
: Modern: system of navigation satelli 
theory of relativity. 
* The location and speed anyw’ 
f 50m after lhr flight and 2ems” 
LACK BODY RADIATION 
BLACK BODY RADIATION : 
Black body is an ideal radiator and ideal absorber. 
* The emissive or absorptive power i8 2+ 
bs Black body is very bad reflector : 
i Black body emits clectromagnete waves 
int Bo A : 
; a Distribution of Oa measured the intensity of emitted energy of different 
jummer an 
wavelengths. i ature. 
sctics depending upon tempe! 
Curve shows the characteristics depen ot uniformly distributed in the radiation 
At a given temperature, the energy 1s ™ 


spectrum. 


life) the results of special theory of relativity are 


tes called NAVSTAR use results of special 


here on the Earth can be measured accurately up to” 
1 yelocity with use of NAVSTAR. 
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! 
+ Amux T= constant = 2.9x109m Kso, Tec 
* The area under the curve shows total amount of energy i.e. emissive power. 
. Energy (area of curve) is directly proportional to the fourth power of Kelvin 
temperature i.e. Stephen- Boltzman law is E aT 
E -6T* 


6= 5,.67x10-8 Wm?K-4 = Stephen's constant 


Shape of black body radiation curve is same and independent of material of the body. 


. 
. Classical attempts for explanation of black body radiations are given below. 
+ Wein’s Displacement law holds good for shorter wavelength. 
+ Rayleigh Jeans law holds good at longer wavelength. 
+ Plank’s quantum theory explains the black body radiations that absorption and 

emission of radiation takes place in the form of packets of energy called quanta i.e, 

E = hf. It holds good at all wavelengths. 
+ Max Plank receive noble prize in 1918 in physics for discovery of energy quanta . 

10 Fuattraviolery visjbte infrared 
J 
E 
Wavelength 2 (im) 

THE PHOTONS 3 
. Einstein presented the idea of light energy consisting of packets of electromagnetic energy. 
. Max plank explained, the emission and absorption by the atoms from a black 

surface is in the form of indivisible packets called quanta. 
. Max plank put discontinuous (granular) nature of light. 
. Theipeam of Bent iy er A consists of stream of photons traveling at speed 
: As and E=hf 

then ‘ 

or 

¢ 
As me=p and f= P= momentum 
then pall 


a 
¢ Emission or absorption of energy is applied to any oscillating system. 


KI 
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CTION OF ELECTRO} 

INTERAC MAGNETI 

itis of three types depending UPON RADIATION WITH MATTER 
+ Photo electric effect ergy of photon: 

+ Compton effect aieO.AMeV 

+ Pair production . 1MeV<hf<1Mev 


hf>1Mev 


for your information 
The interaction 4 
of radiation with prays 
matter. 


PHOTOELECTRIC EFFECT AND PHOTON THEORY OF LIGHT. 

* When light is incident on the surface of a metal electrons are emitted from it. This 
phenomenon is known as “Photoelectric effect.” 

s The photoelectric effect supports the quantum nature of light. 


*  Emitted electrons are known as photoelectrons. 

* This effect is based on the principle of energy conservation. 

* Photoelectric effect was first explained by Einstein for which he was awarded Nobel 

Prize i 1921. 

Study of pecteclectrie Effect: The emission of electrons from metallic surface, when 

light of specific short wavelength is incident on it is called “Photoelectric effect”. 

Hallwach applied some potential difference across two Zn plates in a quartz vacuum 

tube and Sadie the flow of current. When ultraviolet light is incident on cathode 

current flows in the circuit which vanishes when no light falls. When light falls on 

anc - i circuit is negligible. , 

of eras ees panera light on photoelectric current: When the intensity of 

light py more than the threshold frequency is increased the number of 
photoclectrens eroding i.e., the photoelectric current also increase. 1 

Photoelectric current, jal wherel= Intensity of light 

Effect 

. 


I 
of Jectric current: 
Potential on pho ntial current first increases and at a fixed 


alue known as saturation current, im 
alue of photoelectric current is zero. This negative 


Effect 


On increasing the poten 
‘ Potential reaches a maximum ¥ 
Ata fixed negative potential the vi 


i i ial. . 

Potential is called stopping potential. ; iz 

. x : aximum kinetic energy of photoelectrons. 
. The stopping potential is proportional to the m: ey of pl si 


f the incident light. 
Thi z ‘i ends on the frequency hashes ‘ F 
. The Sete al tou not:depend:on the intensity ofthe Incident light. 
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Effect of frequency of incident light on photoelectric gurrents 
A simple linear relation exists between stopping P 


emitted electron) and frequency of incident photon. 
hf=eV+do or hf-K.E + $o or do= hf - K.Emax 


maximum energy of 


Slope of straight tine 


Current 


vm" vn vt 


Photo Electrons 


Constant Intensity, ., Tight frequency () 


v5 VE 
Laws of Photoelectric Effect: 
* The rate of emission of photoelectrons from a metallic surface is proportional to the 
intensity of incident light. : 
* If the frequency of incident light is less than a specific minimum (whatever the 


intensity of light) electrons will not be ejected from the surface. 
This minimum (thréshold) frequency is different for different metals. 
The photo energy corresponding to threshold frequency is known as work function of 
metal. - 
he 
tos Mm 
. The maximum K.E. of emitted photoelectrons is proportional (linearly related) to the 
frequency of incident light but does not depend on the intensity of incident light. 
e The time interval of incidence of light on the metallic surface and electron emission 
is negligible (less than 10-8s). i..e, the process of electron ejection is instantaneous. 
Parameters of Photoelectric Effect 


* Work function (9): The minimum energy required to eject an electron from the 
metal surface is known as its work function. bo = hf, 
(a) It depends upon: 

+ The impurities present on the surface of the metal 


+ The nature of metal 
(b) Its unit are eV, joule and erg. : 
(c) It is a property of material and not of emitted electron, 

. Photo sensitive material: Those elements that eject photons when high frequency 
light is incident on the material are called photo sensitive material. 

. petested photocurrent: The ‘maximum value of photocurrent ‘is ‘called ‘saturated 
current. 


* Due to stopping potential the. work done by electrons is equal to the maximum kinetic 
energy of electrons. 


eV, 
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nstein’s Explanation of Photoele, Dawn of Modern Physics 


In interaction of light wi ctric Effect; Lj 
ght with matter light acts as Light has dual (wave and particle) nature. 


gnstein’s Photoelectric Equation; 


KE vas = hf —$, =hf hf, 


=h(f- f,) 1 e 
important Graphs: mv2,, =hf-$, 
KE=hf =! 
x 
ba KE 
KE«+ 
re 
i f 


Failure of Classical Theory to Explain Photoelectric Effect: 
The wave theory of light completely failed to explain the experimentally established facts 
about photoelectric effect. 

. The-fact that maximum kinetic energy ‘of photoelectrons does not depend on intensity of 


incident radiation. 
a The existence of a threshold frequency or wavelength.» 
Foryour Information _ : 

iti i threshold frequency can 
f radiations having frequency Tore than 

ject ae te Scceron: while an intense beam of frequency lesser than threshold 
cannot eject a photo electron. : = 
Can be explained in 
terms of waves. 


‘Canibe explained in terms of 
=~ ‘particles. 


Phenomenon 


Reflection 


Refraction 
Interference 
Diffraction 


Polarization 


*hotoclectric effect 
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PHOTO CELL 


. 
. 

. 

Aj 
+ 
+ 
+ 


+ 
+ 
+ 
+ 


COMPTON EFFECT 


A photocell is‘based on photoelectric effect. ; 
A simple photocell consists of a glass bulb with a thi 
an appropriate metal surface. a a 
Sodium or potassium cathode surface emits electrons for visible light. 


Cesium coated oxidized silver emits electrons for infrared light. 
Some surface selenium or silicon emits electrons for ultraviolet rays, X-rays and y-rays. 


in anode rod and a cathode of 


pplications of photocells + - ngewe 


Security system Lut 
Counting systems f 
Automatic door systems 6, ase 
Automatic street lighting cunee 

Exposure meter for photography ole 


Sound tracks of movies 
Solar panels in watches and other appliances : a 


When a photon hits with an electron, it scatters with arvenemene 
frequency less than that of incident photon; It is 5 

known as compton effect. 

Usually X-ray photons are used because of high energy (2 17.5 KeV). 


Change (increase) in wavelength is called Compton shift. 
AR = dedi A 


h 
=—(I-cos@ 
An = sl cos8) 


n= £9.43 x 16:1? mis called Compton wavelength. 
m,c 
AA=0 when 0 =0°. : 


An= when 0 = 90°. 


2h 


AA= when @ = 180°. 
m, 


Compton scattering * Recoil Fal 
‘electron 


h 
Ay- A, = OA = (1S ae 4 
lg Aj ee cos@) 


Photoelectric effect and Compton effect are strong evid shave 
as particle (photon). a : ng lences that e.m waves bel 
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Compton effect proves pho 
pRODUCTION Photon theory of light. 
Decomposition of photon into 

‘i elect i rae 
: pair production can takes nice Gee ee pair is called pair production. 
MeV. ly if photon energy is greater than 1.02 
Energy equation for pair production is gi 
hf = 2m.c? + K.Ee. + K.Ee luction is given as; 
Rest mass energy of electron or ‘i A 

$92 F Positron. 2 (= 

Condition for pair production is that eae (PORE MEN): 
Pair production.can not take place'in aceiun 

e interactit i : ‘ 
pith Ss on ussoly ae plane in the electric field in the vicinity of a heavy 
SD eoried: particle to‘ take up recoil energy and momentum is 
Pair production is materialization of energy 


’ 
pAIR 


< 


@* positron 
incident .°™ 


gamma-ray = 
@® nucleus 
e electron 


ANNIHILATION OF MATTER 

Reverse process of pair production is called annihilation of matter. 
* It involves conversion of mass into energy. ; 
£ Two photons are produced by the annihilation of electron and positron 
i Two photons produced move jin opposite direction to.obey the law of conservation 
of momentum. ~ 


s Each photon has €! 


nergy of 0.51Mev equivalent to rest mass energy of electron. 


1 photon 
arene | 
7 
2 


> 
S positron 7 
ANTIMA’ 
\TTE! : 
Serra neoretically predicted antimattes ™ 1928. 7 
nd ee during study of spectrum of cosmic rays in“1932. 


Anderson discovered positron 
e mass, same Spin 


Every antiparticle has sa™ 


respective P® 
“A 


but opposite magnetic moment and 
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Electron Positron 
Proton ‘Antiproton 
Neutron Antineutron 
Neutrino Antineutrino 
Earth Black hole 


De-BROGLIE'S HYPOTHESIS (Wave particle duality) ; 
All the moving particles behave as waves called matter waves or particle waves. The 


wave length associated with moving particles is given by 
h 
A= 
mv 


mV = momentum of particles 


An object of large mass and ordinary speed has such a small wavelength that its 
wave effects such as interference and diffraction are negligible. 

DAVISSON AND GERMER EXPERIMENT 

. Germer and Davisson using low energy electron beam provided experimental 
confirmation. of de-Broglie’s, hypothesis. They showed that electrons are diffracted 
from metal crystals in exactly the dame manner as X - rays or any other wave. 

. The electron beam of energy Ve is madé incident on a nickel crystal. The beam 
diffracted from. crystal ‘surface. The wavelength associated. with the moving 
electrons is given as: 


ast 
mv 
mv =2mVe 
A= a where V is accelerating potential 
2mVe 


. This beam of electrons diffracted from crystal surface was obtained for a glancing 
angle of 65°, According to Bragg’s equation 2d sin@ = mA 
For 1+ order diffracting m = 1 
For nickel d=0.91 x 101m 
Which gives 2=1.65x107"m 

. Prince Louis Victor de Broglie received the 1929 noble prize in physics Clinton 
Joseph Davisson and George Paget Thomson shared the Nobel Prize in 1937 for 
their experimental confirmation of the wave nature of particles. 


. Electron microscope is a practical application of wave particles duality. 
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Coast 
pgeSBEBS S UNCERTAINTY PRINCIPLE 
tates that followi 7s 
it stal wing pairs of quantities can’t bbe mensured with perfect accuracy 


at same time. 

jinear momentum and position 

gnergy and time 

guch quantities are called conju; 
gate quantiti 

Mathematically, quantities. 


,  Toincrease accuracy in measuring position, we should use short wavelength. 
,  Toincrease accuracy in measuring momentum, we should use long wavelength. 

IMPORTANT CONSIDERATIONS 

‘A ball falling freely appears to fall straight to stationary observer and falling along 
curved path to moving observer. It is due to relative motion. 

+ IfV=0.999C then m = 22.4 mo 

+ . Millikan determined the values of ‘e’ and ‘hh’. 

+ | Human body emits e.m wavesiin infrared region at only 310K. 


+ | IfV>2.6 x 108m/s) thenjh= bb /.2,8&m=2m. 
ELECTROMAGNETIC S) ‘TRUM 
Frequency 


+ 


Wavelength 
a Prodi 
8. Name R (Metre) | Range (Hertz) How Produced 
1. [Gamma rays. Sxi10-15-1x10-0 | 5x10%-3x10" | Nuclei of atoms 
2. Bombardment of high Z 
X-rays 1x10-10-3x108 | 3x10!9-1x10"° | target by electrons 
3 Excitation of atoms and 
Ultraviolet rays | 3x10-*-4x107 1x10'6-8x10" | Vacuum spark 
4. Excitation of atoms, spark 
Visible light 4x10-7-8x107 8x10!4-4x10"4 and are flame 
Co Excitation of atoms and 
|" | Infrared rays gxi07-3x10, | 4x10%-3x10"° | motecules 
6. [Heat radiation __| 1x10S-1x10" 3x101-3x109 | Heating 
Teles vergio» | Oscillating currents in 
|_| Microwaves 1x10-3-3x107 | 3x1Ol-Te special vacuum tubes 
& Ultra high radio | yy491-1 3x10°-3x108 Oscillating circuits 
| frequencies — 
°. Very tignmadlo {210 ge10"-3x107 Oscillating circuits 
tr —| frequencies ae — 
10, Ra dio 10210" 3x107-3x10" Oscillating circuits 
frp petencies a Weak radiations from A.C. 
wer 5x105-6x10* 60 -5| circuits 
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PRACTICE EXERCISE 


nium surface, K.E of fastest electron emitted is 


qd) U.Y radiation of 6.2cV falls on an alu 
(work function = 4,2eV) 
(a)3.2x 107"5 (b)7 x 1075 
(6)9 x 1077 : (3.2.x 107) 
@) A photoelectric cells converts 
(a)light energy to elastic energy 
(©)light energy to mechanical energy 
(3) The frequency of light beam A is twice that of light beam B. The ratio E,/Ep of photon 


(b)electric energy to light energy 
(d)light energy to electric energy 


energies is 
(al (b)4 
(v2 (2 


(4) An observer shoots parallel to a meter stick at very high (relativistic) speed and finds 
that the length of meter stick is 
(a)greater than one meter 
(c)one meter 

(5) The speed of photon : 

(a) may be greater than speed of light (b) must be equal to speed of light 

(c) may be less than speed of light (d) must be less than speed of light 
(©) Which one of the following radiations has the strongest photon? ‘ 

* (@)T.V waves (b)micro waves 

(c)X-rays (d)y-rays 
(7) Ina photoelectric eect experiment the stopping potential is: 

(a) the electric potential that causes the electron current to vanish 

(b) the photon energy 

(©) the kinetic energy of the most energetic electron ejected 

(d) the energy required to remove an electron from the sample 


(b)less than one meter 
(d) Zero 


(8) Linear momentum of a photon is 


(a) zero (b) hfe? 
(c) hile (d) Pyne 
(9) A device based on photoelectric effect is called 
(a) photo sensitive detection (b) photo cgll 


(c) photosynthesis (d) photo diode 


(10) As the intensity of incident light increases 

(a) photoelectric current increases, (b) photo electric current decreases 

(c) K.E of emitted photo electrons decreases (d) K.E of emitted photo electrons increases 
Stopping potential for a metal surface in case of photoelectric emission depends on 


(1) 


(a)the threshold frequency for the metal surface 


(b)the intensity of incident light 
(othe frequency of incident light and work function of the metal surface 


(d)all of the above 
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(2) Select an serene form of uncertainly principle from the following___ 
(a) AA= neo 9) (b)AE . At=h 
Po 
(eme?=hv (any of above 
oe of frequency of incident light and stopping potential for a given surface will be 
(@) (b)he 
(eh (hie 
Ifa material object moves with speed of light, its mass becomes 
(a)equal to its rest mass (b)double of its rest mass 
(c)infinite (d)zero 


(16) 


(17) 


(18) 


As the temperature of black body is raised, the wavelength corresponding to maximum 
intensity 

(a)shifts towards longer wavelength : 
(b)shifts towards shorter wavelength 

(c)remain the same 

(d)shifts towards longer as well as shorter wavelengths 

Rest mass of a photon is 


(a)infinite (byzero 


(d)1.67 x 107’kg 


(c)very small 
The name of the photon for quantum of light was proposed by 
(a)Ampere (b)Plank 
(c)Thomson (d)Einstein 


Einstein’s photoelectric equation is given by 
(@)1/2 mVmax"=hf + (b)1/2. Vmax” hE = 


(©)1/2 mVmax=h - (d)all of above are incorrect 
In Compton scattering, the change in wave length is max. if, 

(a)angle of scattering is 90° (b) angle of scattering is 60° 
(©) angle of scattering is180° (d) angle of scattering is zero 


Davison Germer experiment indicates 
(a )interference 
(c) electron diffraction 


(b) polarization = ss 
(d) refraction 


A photon is 
(a) a unit of energy (b) a positively charged particle 
(c) a quantum of electromagnetic radiation (d) a unit of wavelength 
Planck’s work was connected with 

(b) photoelectric effect 


(a) wave nature of matter 


(c) structure of atom (d) quantum nature of radiation 


If the wavelength of incident radiation in a photoelectric experiment is decreased then 


(@) the photoelectric current will decrease _(b) the photoelectric current.will increase 
(0) the stopping potential will decrease (d) the stopping potential will increase. 
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(24) Ina photoelectric eDect experiment at a frequency above cut oO, the number of 
electrons ejected is proportional to 
(a) the frequency of the incident light 
(c) the number of photons that hit the sample(d) their kinetic energy 


(25) The diagram shows the graphs of the stopping potential as a function of the frequeney of 
the incident light for photoelectric experiments performed on three dierent materials, 
Rank the materials according to the values of their work functions, from least to greatest 


(b) their potential energy 


Vier 1 a . 
f 
(a) 1,2,3 (b) 2, 1,3 
(c) 1, 3,2 (d) 3,2, 1 
(26) According to’ special theory of relativity, time is not absolute quantity. This result 
applies to timing processes 
(a) physical (b) chemical 
(c) biological (d) all 


(27) In Compton scattering from stationary electrons the largest change in wavelength 
occurs when the photon is scattered through 


(a) 90° (b) 180° 
(©) 45° 2 (0° 
(28) If n number of photon are striking on a metal surface, then total momentum exerted is 
@ nh/A ' (b) 2nha, 
(c) Zero (d)n fxt 


(29) Which of the following is NOT evidence for the wave nature of matter? 
(a) The diffraction pattern obtained when electrons pass through a slit 
(b) Interference of light 
(c) The photoelectric elect. 
(d) The validity of the Heisenberg uncertainty principle. 
(30) The velocity of a particle of mass m of de-Broglie wavelength 4 


2h mic? 
(a) a (b) h 
(c) 2mAc? (d) h/ma 
(31) In Davisson-Germer experiment, the diffracted electron beam from crystal shows 
(a) Particle property. (b) Wave property. 
(c) Light property, (d) Quantum property. 
(32) Ifa diffraction grating is placed in the path of a light beam, it reveals 
(a) Wave property. (b) Particle property. ar 
(c) Energy particle. (d) Electromagnetic wave property. 
(33) In electron microscope, we use energetic particles because of » 1 
(a) Penetrating power is high. (b) Kinetic energy is large. 
(c) Wavelength is very short. .s"  . (d) All the above reasons, 
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The resolution of 50 KV electron microscope is 


0.2t00.5 wm 
(@) H (b) 0.5 zm: to 1 nm 
(c) 0.5 to} zm (b) 0.2 nm 

A three dimensional image is obtained by 
(a) Electron microscope. 


(b) Scanning electron microscope. 
(c) Magnetic imaging. 


(d) None of the above. 
Which of the following is not a form of uncertainty principles 
(a) AxAP =h (b) AEAt=h 
(c)mAxAv = h (d) none 


Of the following which is the best evidence for the wave nature of matter? 

(a) The relationship between momentum and energy for an electron. 

(b) The reflection of electrons by crystals 

(c) The'spectral radiancy of cavity radiation 

(d) The Compton effect : 

The energy radiated per second per unit area of black body is directly proportional to 
fourth power of Kelvin’s temperature is 


(a) Karl-wein’s law. (b) Rayleigh Jeans law. 

(c) Stephens law. ~+ (d) Planck's Law 

Compton effect proves the 

(a) Photon theory of light. (b) Dual nature of light. 

(©) Wave nature of light. (d) Uncertain nature of light. 
An electron is at rest. Its wavelength is 

(@)1 (b) it has not wave character 


(©) he/me iam 
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specTRUM Atomic Spectra 
spectrum means set of frequencies absorbed or emitted by a subst 
a substance. 


rypes 
mission Spectrum: 
q) Emission Spectrum: set of frequencies emitted by at 
(i) Absorption spectrum: set of ¢, y atoms of a 


Absorption spectrum is caused 


: : substance. 
‘quencies absorbed by atoms of a substance. 


body spectrum is continuous spectra, 
w) Line spectra: It is emitted by a gas or vapour state of element. 
(ui) Band spectra: Molecular spectra is band spectra 


SPECTRUM. OF HYDROGEN 
mission spectrum of H-atom consists of five series or 5 sets of spectral lines. 
SERIES: LONGEST SHORTEST 
WAVELE 1 WAVELENC 
LYMAN _ Put Put n = 00 
5 4 
SERIES r=|—]=1216 
(ax) <4 
1 7 eo = 
BALMER | 3-=[ 52-25] | viciny <= 2 
isible 
SERIES N= =6563A 
n=3,4,5....00 5R 
PASCHEN 1 dT Putn=4 Putn=0 
arRlam a 
series |* - ©? 7 | Infrared) 144 _ig761s1A | 4-2 =8208A 
n=4,5,6....0 7R R 
en Puti=) Put in= 0 
BRACKET | ~=R| 7-7 00 
ar a Fon Infrared BR HSA a= 16 =14s92A 
Put n= oo 
PFUND sno A 
Infrared A= rae 22800 
SERIES n=6,7,8...0 


* “All one-electron atoms have atomic spectra like hydrogen atom. 
Spectral lines get closer with increase in value of n until they merge at n = a called 


Series limit. 
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BOHR'S MODEL ; 
° Bohr, in 1913, proposed his atomic model, to remove objections against Rutherford 
atomic model. 2 

Bohr’s atomic model is a mixture of classical and modern physics. 


Both laws of classical mechanics and quantum mechanics are applicable to atomic system. 


se -meref 


ag 


Main points of Bohr’s atomic model 
(i) An electron can revolves only in those orbits in which their angular momentum is 


integral multiple of & 
7 


oh 
2 ath ei 
(i) As long:as electron remains in an allowed orbit, its energy remains constant, i 
a undergoes angular acceleration. 
Taney ftom atom takes"place ofily when its elect" 
ion between two allowed orbi 4 


(ii) Emission or absorption of.e1 
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AE = E,-E, 
hf = By-E, 

‘ Bohr’s atomic model Produced good results for H-atom and for one- electron atom. 


t can't eplain fine structure and hyperfine structure of spectrum. 


¢ Radius of nth orbit of the atom is given as: 
2 
nh 


nel then 1=0.53 A*(Bohr’s Radius) 


Similarly, 

m= 4n and r3=9r, and so on. . 
It shows that radii are quantized and they occur in the following ratio: 
Tila ——— = 124:9 - 


. The basic structure of the hydrogen energy levels can be calculated from the Schrodinger 
equation. The energy levels agree with the earlier Bohr model, and agree with experiment 
within a small fraction of an electron volt. 


En = KE+PE 
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Atomic Spectra 


E) = -13,6eV forn = 1 
.4eV forn=2 


ole and so on, forn=3 = 
_ Graph of equation Ey= -E,/n? is called energy level diagram. 
* Formula for the wavelength of nth orbit is given as; 
I 1 
PSP Ve) eee 
a 0" (3 n } 
Where n>p 


Ru = Rydberg’s constant =1.0974 x 107 m'. 
De-BROGLIE’S INTERPRETATION OF BOHR’S ORBIT : : 
° Third postulate of Bohr’s atomic model is deduced from Plank’s thesis. 


° Second postulate is justified by de-Broglie 
+ Electrons move in orbits in the shape of standing waves 
a Orbital velocity of electron in innermost orbit is 2.19x106m/sec, 
ENERGIES & POTENTIALS 
Excitation potential: The potential required to raise the electron from ground state to 
higher state. e.g. for hydrogen, 
1st excitation potential = 10.2 eV 
2nd excitation potential= 12.1eV 
Ionization potential: The potential required for ionization of atom e.g. for hydrogen, 13.6 
V is ionization potential. 
There is a-large no. of excitation Potentials and only limited no. of ionization 
"potentials. 
(ti) Each next ionization potential is greater than its preceding one. 
Excitation energy: The energy required to raise the atom from ground state to higher 
state. 
Ionization energy: The energy required to remove electron from atom 
Three ways for excitation or ionization of atom 


Note: 
@ 


(i) Photo ionization or excitation: photon of specified energy is incident. 

(4) Bombardment ionization or excitation: charged article ¢.g, electron is incident on 
atom. 

(iii) | Thermal ionization or excitation: heat is provided, 

X-RAYS 

Characteristic X-Rays % 

. When core electron is ionized from heavy atorh, then electron juraps down to occupy 


its place. This process is called inner shell transition, 

Inner shell transition is the origin of characteristics X-rays.~. 

X-rays are e.m waves having wavelength 1A° to 0.5A°. 

Characteristic X-rays are emitted due to down transition of electron, 

A characteristic X-rays appear as discrete'liné’s on continuous spectrum... :.:., 
aga iprodueed due to transitions to K- shell are called primary X-rays. €.8- 
hfte= Ex - Ex * 

fp = Em — Ex 

Such X-ray photons are emitted due to transition from L, M, N orbits to K-shell 
respectively. a ai a ae 


Ejected Electrons ee 


° A German physicist Roentgen discovered X-rays in December 1895. 
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Continuous X-Rays Spectrum 


Atomic Spectra 


The continuo’ i 
us spectrum is due to an effect of bremsstrahlung or breaking radiation. 


K pXray 


Electron distodged 
trom K-shell 


Scattered 
electrons 
Accelerating charge emits electromagnetic radiation. 


Due to deceleration of electrons in the target, X-ray radiation is emitted called continuous 
background radiation or breaking radiation. 


Ve = hifmax 
Continuous background radiations are of relatively smaller wavelength. 


. 
X-RAY PRODUCTION 


fj 
(i) 


Gas filled X-ray has three drawbacks: 

Quality can’t be controlled: 

Pressure decreases, so does X-rays intensity. 

98% of incident electron energy is wasted as heat and only 2% is converted in to X-rays. 
Modern X-ray unit consists of following main parts: - 


Source: It is step up.transformer that produces high voltage: " 

Target: It is a piece of heavy métal with large atomic no: like cadmium. 

Filament: It is an electron source. It consists of concave shaped metal heated by D.C 
operated heater (100 mA to 500 mA). 

Copper rod: It conducts out heat. — 

Cooling fins: It is a cooling spring in which cooling water or oil circulates. 

Biological shield: It is lead case covering the whole assembly. 

Window: It is a transparent window for the escape of X-rays. 


* Quality of X-rays is controlled by sou 


heater:current (100 mA — 500 mA). 


Intensity of X-rays is controlled by 
a z rce voltage (25 KV > 100KV). 


PRO) 


SROPERTIES OF X-RAYS 


X-rays are not affected by electric and magnetic fields. 
Frequency is greater than ultraviolet. 
Straight-line propagation. ; 


Do you know? 


x oil of higher specific heat flows in 
y eeeehitar is cooling a nee production 
® aed apparatus to sink the large amount of 
‘ Refraction. heat produced by head on collision of 
. _ Interference. particles in x-ray generation 
, __ Diffraction (by NaCl crystal) 
Polarization. 
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X-rays can performs | 


e Pass through certain opaque materials. 

* Ionization. | 
* Photoelectric effect. : | 
. Compton effect. | 
© Blackening of photographic plate. 

© Damage to living cell 

USES OF X-RAYS 


(i) Fracture study. (Shadow Photography) 

(ii) Medical diagnosis (such as tuberculosis). 

(iii) Medical treatment (such as cancer). : 

(iv) Hidden things can be located (such as weapons and contraband things). 

(v) Research field (such as X-ray diffraction for crystal structure). 

(vi) Industrial uses (such as to locate internal defects) 

(vii) Authenticity of paintings. 

(viii) CAT-scanner: CAT stands for computerized axial tomography. The x-ray source 
produces a thin fan shaped beam that is detected on the opposite side of the 
subject by an array of several hundred detectors in a lirle. Tumors, and other 
anomalies much too small to be seen with older techniques can be detected. 

(ix) X-rays cause damage to living tissues. 

(a) X-rays are used for destruction of cancer cells 

(xi) X-rays can cause cancer 

(xii) -X+rays can cause changes inthe productive system thus damages the organism’s 
offspring. 

UNVERTAINITY WITH IN ATOM 


We can prove on the basis of Heisenberg equation that electrons cannot exist in nucleus. 


ie. 

If electron is in nucleus 
then 

4x = 104m 
so using equation 

h 
Ap2— 
Pe ax 


we find 
Av = 7.3x10!°m/sec 
Av >c 
Which is not possible. 
So we, can check the possibility for Ax = 5x10-11m (size of atom). 
Repeating the same procedure we get 
v= 1.46x107 m/sec. Which is possible? 
Because v<e 
So it shows that electron is within atom but not in nucleus. So we can conclude that electrons 
can only be found in the space in between atom and nucleus called shells. 


———— SSS ee See 
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LASER 
Spontaneous and Stimulated Processes 
Before Atter 

Spontaneous 
Emission Yeper 
orDecey eo Level Photon 
Lower a 
Level (a) 
Stimulated 
Two 
Emission —@- Ypper _—_ Photons 
Photon Lower bateg 
Level (b) 
Stimulated 
Absorption eee! -@- 
Photon tower a 
Level {c) 


CHARACTERISTICS OF LASER 
. Laser stands for light amplification by stimulated emission of radiation. 
. Einstein developed theory of LASER in 1917. 
LASER has following characteristics: - 

1- Monochromatic 2- Unidirectional 3- Coherent 

4- Sharply focused 5- Highly polarized 
BASIC TERMS REGARDING LASER PRODUCTION 

Metastable states: It is a high energy level in which electron can stay for long time 


(10° sec). P 
Optical pumping: It is process of providing energy to initiate and maintain the 


process. 
Population inversion: The situation in which number of excited atoms exceeds the 


number of atoms in ground state. 

Resonance: When stimulated photon passes by excited atoms, it stimulates it to 
radiate photon of same energy (by going to ground state) by the principle of 
resonance. 

Stimulated emission: In stimulated emission the incident photo induces the atom 
to decay by emitting a photon that travels in the direction of the incident photon. 
Coherence: It means that stimulated photons have same frequency and 


wavelength. 
Do you know? 
i ally mirrored 
The laser beams actually eject out from a partially 
surface so that the reflected photon can further carry out the 
stimulated emission process 
LASER UNIT / 
Important parts of LASER unit are as follows: 
() Cavity eG 


(i) Lasing material 
(ii) Energy source. 
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TYPES OF LASER 


E OF LASER ‘EXAMPLES : 
es Ruby laser, Semi-conductor ! 


‘Solid laser 


laser 


Gas laser He-Ne laser, COz laser 


Methanol + Die laser 


Liquid laser 


PROPERTIES OF LASER 


(i) Monochromatic (ii Coherency (iii) Unidirectional 
(iv) Reflection . (v) Refraction (vi) Diffraction ’ 
(vii) Polarization (viii) Affect photographic plate 


(ix) May damage (high energy laser) living tissues. { 
APPLICATIONS OF LASER 
(i) ° Laser as weapon (Laser-guided missiles) 
(ii) Laser in industry (Drill tiny holes in steel & diamond) 
(iii) Laser in research (Develop hidden finger prints) ' 
(iv)__Laser in medical treatment (Surgery of tumors, welding of retina, crush®gall stones 

and kidney stones) é 
(v) It is potential energy source for inducing fusion reactions. 
(vi) Laser in holography (Hologram) 
(vii) Holograms are three-dimensional images. 
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PRACTICE EXERCISE 


(a) Bai spectrum is produced by 
She oe 

2 . a iy 

(2) ne ghnighest frequency will be absorbed when transition takes place from 
Bros ce (b)2" to 5" orbit 


th to Sth oni 
(3) y Electrons held in the atom due to ay ee ee 
SX (a)weak nuclear forces 


Seffuclear forces Dee aticae forces 


Jcoulomb’s forces 


(4) eee and proton have the same wavelength then they have same lh 
ene alae le a 
jn m (d)all of above my a 
(5) _ Excited atoms return to their ground state in 
(a)10)°s 10°5 
(c)10%s (d)10°s 
(®) iy energetic photon in a continuous x-ray spectrum has an energy approximately 


(a) the energy of all the electrons in a target atom 
(b) the rest energy, mc2, of an electron 
<(c) the kinetic energy o ncident-beam electron. 
(d) the Kinetic energy of a K-electron in the target atom 
(7) Be) sore eT ee TSCIE ITC TT 
fits energy levels are too close to each other 
(b)its energy levels are too far apart 
(c)it is too small in size 
7 (d)it has a single electron 
(8) The transition shown gives rise to an x-ray. The correct label for this is: 


M 
Ke (b) Kp 
ue) Ks @) Lp 
(9) X-rays are _________— (b)high le @- 
igh energy electrons i 
(a)o£unknown nature (d)radio isotopes 


igh energy photons ergy is E, what is K.E with proper sign y.¢. ke* 
0b) 


(10) ~ In excited state the tot: s ¥e 
oe Yar rcorech T.E2 —ke? 
(11) and state energy of the 4" orbit ina a DW 
3a Gaal (d)-1.5leV 
BSE 
(12) X-Rays can not produce (t) Compton's Effet 
{8 Photo Electric Effect On arias 


ir Production A 
(13) = adiation® emitted from hydrogen filled aisha tbe show. 
(a)band spectrum bi tne 
(c)continuous spectrum 
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(14) The electric PE of an electron in an orbit at a distance r_ from the positive charge 
2 eke 
@Ker, (b)Kerlty? ee ad 


O)-Ke7ltn j 1 @ Kelty “Fre 

(15) Radiation with wavelength longer than red lights 
(ajultraviolet rays (b)X-rays sot 
(infra red radiation (d)visible radiation 


(16) Bracket series is obtained when all transition of electron terminate on 
\@)4" orbit (b)s" orbit 
(©)3" orbit (4)2™ orbit 
(9) In gn electronic transition, atom cannot emit re 
\ajy-rays (b)infra red radiation 
(c)visible light (d)ultraviolet rays 
Reverse process of photoelectric effect is = 
(a)pair production (b)Compton effect 
(c)annihilation of matter \(@)X- rays production 
(19) X rays are similar in nature to 
(a)cathode rays (b)positive rays 
\Lof- rays (do- rays 
G0) The penetrating power of X- rays depends on their 
applied voltage (b)Filament current 
(c)source ~ (d)all of the above 
(21) A Balmer line is emitted when the electron ina hydrogen atom jumps from 
(a)a higher orbit to'the first orbit. ja higher orbit to the second orbit 
(c)the first orbit to a higher orbit (d)the second orbit to a higher orbit 
( A laser beam can be sharply focused because it is: 
(b) intense 
~ (d) highly coherent 
of the following shows the best relation between wavelength and intensity? 
ines I 


(b) a 


+ I 
ae aN 
(24) Radiation emitted from TV picture tube is sw” 
(a) y-rays. by X-rays. 
rays oN Pa wb, 


(c) Far infrared. (d) Infrared, 


é) In an ‘X-ray ube, electrons each. of charge e are accelerated ‘t! 
difference allowed to hit a metal target. The wavelength of a ene 


is : 42D b 
(@hhc/eV We Whe/Ve wre 
@evh (@) impossible to predict ell; Law 
a 
Sa 
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: Atomic Spectra 

The 8 
@ (2) Reducing the pressure ox coating nent ested BY 

n oling the ti 
(b) Increasing the temperature of the filament. 
Lc) acai esement of hiatie atomic number. 
he potential difference bet cathode and the target.>y CNavac beni 
con 


(a) The illumination of the target met: iat 
i violet 
(b) The bombardment of the target by ae Veena: 


(ey The bombardment of target by electrons, 
I) (d) The absorption of y radiation by the target metal. 


(@8)/ LASER action can’t be achieved without 
~_(8) population inversion (b) induced emission 
(c) laser (d) all of them 
(2! Maximum frequency in the spectrum from X-ray tube is directly proportional to the 


(a) Number of incident electron i.e. filament current. 
\(by The kinetic energy of the incident electron i.e. the potential difference through which they 
are accelerated. 
(c) The soft target which can easily emit electrons. 


(d) all of above are correct. 
&) X-rays are diffracted by a crystal but not by a diffraction grating because 
(a) The ions in a crystal are well arranged. 
(b) The lines in a diffraction grating cannot reflect X-rays. 
‘The penetration power of X-rays is high in a diffraction grating. 
e wavelengths of X-rays are of the same order of magnitude as the separation between 
atoms in a crystal. . 
UV radiation can be produced by ~~ 
(a) Heating the filament. 
(c) Ionization of atoms. 
(32) What is the velocity of a particle of mass m & de-Broglie wavel 


lectron excitation in the gas. 
(d) Allthe above --— 
Jength 4? 


2h 
ere oe 
ma ‘ 
; 2he \? # 
mh 
on oF) 
or F 1 
ted form rest by a potential difference 4 kV and strike a metal 
® Sige pa edo one photon on impact of minimum wavelength A; and 


ton produces MM 
pair Scan accelerated to 4 kV strikes the target and produces a minimum 


wavelength Az then _ yi> ry 
A 2 
(@) Ms (4) no such relation can be established , 


(4) Grtectroir cannot exist in the nucleus; it is confirmed by observing that 


it y-radiation. . 
8 SE compare to proton and neution is very small. 
JB The velooty te of electron Foxy high according to uncertainty principle 
e VE : 
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(35) X-rays and y-rays both are electromagnetic waves. Which of the following Statements is 


correct? 


(a) The wavelength of X-rays is less than that of y-rays 
(by The wavelength of X-rays is greater than that of y-rays 
(c) The frequency of y-rays is less than that of X-rays. 


(d) The frequency and wavelength of X-rays are more than those of y-rays. 


(36) ? In laser production, the state in which more atoms are in the upper state than in the 
Ye 


lower one is called 


(a) Metal stable state. (b) Normal state. 
J Inverted population. (d) Alll the above. 
(37) The stay of electron in metastable state for an atom in laser light is__ 
(a) 10sec. (b) 10°sec. 
O° sec. (d) 10sec. 
(38) In He-Ne laser, the lasing action is produced by_____ 
(a) Ne only. . (b) He-Ne both. 
(c) Electrons of He. \(o Electrons of Ne. 
(39) Reflecting mirrors in laser is used to 
(ay Further stimulation. (b) Lasing more. 
(c) For producing more energetic lasers. (d) All the above. 


TheGelocityof laser light is 
(a) Less than ordinary light. (b) More than ordinary light. 
V5 Different for different colours or frequency. 
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J.J. THOMSON’S MODEL OF ATOM 


lates ‘ i tive electrons are embedded o, re 
em is a neutral as a whole, in which nega’ 1 POsitiyg 
nucleus. 


(ii) Density of atom is uniform. 
(iii) There is no empty space ii the atom. 

re eee is no static equilibrium between electron and positive charge. 

(v) Density of atom is not uniform. 

RUTHERFORD’S ATOMIC MODEL 

Postulates : . : 

i Most of the part of atom is empty. , 

ty Central part is tiny and positively charged. It is called nucleus. 

(iii) Electrons are revolving about nucleus in circular orbits: : : 
(iv) Almost whole of mass is concentrated in nucleus (i.e. atom has non-uniform density), 


Electron cloud 


Alpha particle 


— = 


Objections 


@) The revolving electrons if moving continuously, will emit energy continuously. 

(i) If energy is emitted continuously, then spectrum should be continuous but a line 
spectrum is obtained. 

(iii) _ If energy is emitted continuously, then atomic assembly will collapse 


BOHR’S ATOMIC MODEL 


Postulate: 


(i) Electron can‘revolve only in those orbits.in which its angular momentum is integral 


multiple of 
2n 


Such orbits are called allowed orbits or stationary state or Bohr’s orbits. 
(i) As long as an electron remains revolving in its allowed orbit. the energy of electron remains 
constant. : : 
(iii) pee Serean jumps down between two 
. ‘orm of photon of energy as given bel 
AE = Ey-Ey = hf ihe ae. 
Objections . 


(i) Electronic orbits are not circular, 


(ii) Fine structure of atomic Spectra co} 
uld no i 
(iii) Effect of nuclear motion on atomic see ¢xPlained. 


'tomic spectra is not made clear. 
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NUCLEUS & ITS COMPOSITION 


. Nucleus is a tiny region in which almost all mass of atom is confined. 
. Rutherford thought that whether nucleus is a lum 
particles. 

Size of atom is 10-1°m and that of nucleus is 10m. 

Berording to Rutherford’s findings, nucleus is composed of neutron and proton, 
collectively known as nucleons, symbolized as: 

XA ‘ 
Where Z = no. of electrons or protons in neutral atom = charge no. 
A= sum of proton and neutron in a nucleus = mass no. 


Nuclear Physics 


p of mass or it is an aggregate of 


No. of neutron =N=A-Z 

In small atom N=Z, while in heavy atom N>Z. 
Discovery of Nucleons 
(i) Proton (by Rutherford) 

aHe* +7N14 -> = 017 + ,H? 
(i) Neutron (by Chadwick) 

gHe* + Be? -» 6012 + on! 
Hydrogen (simple hydrogen) is the only atom whose nucleus contains no neutron. 
According to modern research, the number of particle existing in nucleus is 37. 
Mass of nucleus is roughly equal to sum of masses of nucleons. 
Unit of mass at atomic level is a.m.u. 

1am.u = 1.66x10?7 kg 

. Masses of some well-known particles on a.m.u scale are given below; 


1.007276 a.mu 
1.008665 amt 
2.014102 a.m.u 
4.002603 a.m.u 


Deuteron 
‘Helium nucleus 


For your information ; 0 . 
‘We can calculate number of neutrons in a nucleus by simply subtracting mass 


number and atomic number i.e. 92235 + 235-92=143 


So this nucleus contains 143 neutrons. 
a 1.66x1027 kg = 931 MeV 


. 1.a.m.u = 931 MeV > 
iotanet Jei. of ari element having the same atomic number but 


“Isotopes are such nuc 
different mass number. 
i Isotopes have same number of protons. 


: different number of neutrons. ; etins 
. cea an element have the same chemical put different physical properties. 


MASS SPECTROGRAPH 


ctrograph is an etic instrument used for the measurement of 
Mass spe ra} 


electromagn: 


masses of isotopes. Pa 
Principle of mass 5) ray 
rac vit ectrometer is given as; 


of path described by charged,ion in mass-sp' 
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V = potential difference 


e = charge 
B = magnetic field 
itive ions 
° Mass spectrograph sorts out posi ; . a a euiabINTaciuRe bead 
. Centripetal forces of the magnetic field provide the isotop 
about. 
NUCLEAR FORCES 7 
e the destruction 
. Nucleus contains protons that repel each other, may caus of 
nucleus. . 
. There are two classical forces, operating in nucleus. 
(i) Coulomb’s repulsive force; 
Ke 
Ra 
(ii) Newton’s attraction force; 
Gm? 
. Classical forces are unable to give stability to the nucleus because; 
. Due to strong repulsive forces in nucleus, it requires much energy for the entry of 


another charged particles e.g. proton. 
Example: 7.2 MeV energy is required to the addition of 1 proton into a nucleus of 50 protons 
. Force, which has binding éffect’on nucleons, to give stability of nucleus, is called 
strong nuclear force. o 
erties of strong nuclear 
@ It does not obey inverse square law. : 
‘(ii) It is the strongest force having range equal to nuclear diameter 10-14m, 
(iii) It is always attractive force and has binding effect-inside the nucleus. 
(iv) Strong nuclear force is attractive only within nucleus while a strong force of repulsion 
is outside the nucleus because of coulomb’s repulsive force. 
MASS DEFECT 
Mass defect is the difference between mass of nucleus and sum of masses of its nucleons. 
4m = sum of masses of nucleons ~ mass of nucleus 
€-8. for deuterium (:H2), Am = 0.002388 amu 


° Mass defect Am is converted into ener Ame? ete 
in the form of photon. ey Amc? called binding energy. It is liberated 


E = Am x 931MeV = ((Z m)-N my) ~ 

. After liberation of binding e 
for deuterium is 2,24 Mev. 

. When energy equal to binding ener, 
nucleus dissociates into nucleons, 

° Binding energy can be given as energy required 
* Graph between mass number (A) and B.E p 

-E pe 


™m] x 931Mev 


nerey (E = A met), the nucleus becomes stable e.g. BE 


gy is provided to nucleus, somehow, the 


to dissociate nucieus into nucleons. 

T nucleon is shown below: 
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50 100 150 200 250 
MASS NUMBER 


Following conclusions can be drawn from above curve: 


Binding energy of a light atom is very large, that is why they are stable 
(maximum value is at A=56). 


(i) 


(ii) Binding energy per nucleon for heavy atoms is smaller, that is why they are less stable. 
(ii) Binding energy (B.E) increases with increasing A. B.E fecreases with increase in'AifZ > 82. 
(iv) The binding energy per nucleon is maximum for iron. 

° Am/A is called packing fraction 

RADIOACTIVITY 


. Becquerel discovered radioactivity. 


* Nuclei having Z > 82 are unstable and they emit a, B and y rays; the phenomenon 


is called radioactivity. 
. Some radioactive elements are Po (Z=84) Rd (Z=88) and U (Z=92) etc. 
adecay 
Charge no. (Z) decreases by 2 and mass no. (A) by 4 
2X“ ——> 24 Y** +, He + Q 


eg. 
U™* ——> ,, Th™ +, He‘ + 4.3Mev. 
Bparticle : ; 
B-particle is electron or positron coming from nucleus. So it may be classified 
’ ie 
(i) B decay 


XA an YA af? + vt 


Only charge no. (Z) increases by 1. : 
Its prototype is decay of neutron itself that changes to p and .1e°. 


jn ———> pt abe + 
e.g. “ 
11Na2 ————> 12Mg”* + 1B? + 0 
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(ii) Br-decay 


XA — igh + xpe te 
ange 0. he Alpha parti 
Only charge no. (2] decree self that changes to, Heil ep 
Its prototype is decay of proton Its ; 
— { pe + U . Beta panticies 
'p——> on Ff epic 
1 
a , Gamma rays, 
FI7 _y 017+ pe tv clectromagnotic 
ine rackation 
-decay. 
NOTE: Weak interaction only appears in B decay. = 
= i electromagnesie 
y-decay is due to de-excitation of nucleus. : é =n 
x——> zXA+ y, * show excitation 0: 
e.g. 7 
atom on 
3s'Sr8?) ————> 38Sr87 + y - photon correo 
trom neutrons and 
Mg? ———> 13°AP? + 1B? + V protons to 
massiv0 nude: 


13"A2? ————> 3A?” + y-photon 


Type of Radiation Alpha particle ‘Beta particle Gamma ray 
Y 
‘aor! i + look different, 
Symbol aor ,aor,He 4iB° or +8' (can loo! 5 
al depends on the font) 
Mass (atomic mass units) 4 1/2000 1°) 
Charge +2 -lor+1 0 —4 
Speed slow fast very fast (speed of light) 
Tonizing ability high medium ) 
Penetrating power low medium high 
Stopped by: paper aluminium lead 


HALF-LIFE OF ELEMENTS 

. Radioactive decay is a random Process so we get idea of half-life, 

. The half-life T12 of a radioactive element is that Period in which half of the atoms decay: - 

. Half-life (T1/2) depends on element and i i ee 
ec eg is not affected by any physical chang 

. Half-life may be classified as follows: 

(i) Extremely short half-life: Tia in mi 

fil) Moderate hairine: Ai ae wee or nano seconds 

(iii) long half-life: T1/2 in years, 

e Half- life can be given as: Tija= 0.693/1, , 


a . calles canteens epends upon nature of material. Decay constart 
wwe cl i it ti 
of the decay constant is s-!, ens decaying ca a — 


The decay curve shows that radioactive element decay exponentially 


. 
s Halh He te.used to identify an a49Rescatedzone.com 
‘ps enrRy Tear ems 


Chapter-21 


Nuclear Physics 


LAWS OF RADIOACTIVITY 


° 
. 
INTE 


(i) 

(i) 
(iii) 
(iv) 


AN/At o No 
AN/At = -ANo 
Ne=e*N, 
Tiy20 1/A 
ae AN/At 


Mean life = T= 1/2 

RACTION OF RADIATION WITH MATTER 
a, B & yrays are called nuclear radiations. 
Interaction of nuclear radiations 
nuclear radiations, 
Mass of particle 
Charge of particle 
Energy of particle 
Density of the medium 
Ionization potentials of the atoms of the medium 


with matter depends on three characteristics of 


(v) 
INTERACTION OF a-RAYS 


(i) 
(ii) 


INTERACTION OF 8-RAYS 


a-particle can do ionization in following two ways. 

Mechanical collision («- particle directly hits electron) 

Coulomb’s interaction (electrostatic interaction) 

Mode of ionization by Covlomb’s interaction (electrostatic attraction) for a-rays 

dominates over that by direct-collision. 

The path of ionization followed by a-rays is straight and continuous because of its 
high ionization power and large mass. 

During ionization, a-particle continuously looses its energy as a result of which its 
velocity decreases. 

7.7 MeV a-particle produces 2x10° ion pairs before stopping in average. 

When «-particle has spent all its energy on ionization, it absorbs two electrons from 
its surroundings gas and becomes a neutral (He atom). 

Range of a-particle in air is small due to intense ionization. 

7.7 MeV a-particle has 7cm range in air at S.T.P, which reduces further in denser 
medium. 

Range of 7.7MeV a-particle in aluminum is only 0.04 mm. : ; 

a-particle produces disintegration in nuclei of some atoms if they have high energy. 


s or positrons coming from nucleus. 

Range of B-particle is larger than that of a-particle by a factor of 100. 

lonization of B-particle is smaller than that of a. (100 times less) 

M f 8-particle is equal to that of an electron. 7 ~~ 
Charge Oe erticle ie equal to 1.6x10719C that may be positive for positron (+:°) 
and negative for electron (1B°). 
B-particle does ionization due 


attraction (in case of B*). 2 
Ionization path of B is broken and zigzag due to its smaller mass. 


Ionization by head-on-collision is very rare. ‘ 
B-particle looses almost all its energy in a single encounter. 


B-particles are fast electron: 


to electrostatic repulsion (in case of 8°) and 
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* Because of lesser ionization encounters, penctration of B is 100 times larger 
than that of «-particle of same energy. 

* 3 MeV f-particle can pass through 6.5mm aluminum foil. 

. B-particle can produce fluorescence. 


INTERACTION OF y-RAYS 
y-rays being photons can’t be stopped by matter (lead can be used as a shield 
because of its high electron density). 

* _ y-rays have shorter wavelength than X-rays. 

* _ y-particles loose their energy by following three ways. 

(i) Compton effect 

(ii) Photoelectric effect 

(iii) Pair production. ; : 

© The type of interaction depends upon energy range of photon available according to 
following scheme: 


ENERGY: RANGE. TYPE OF INTERACTION 


E<0.1 MeV Photoelectric effect 
E= 0.1Mev to 1MeV Compton effect 
E> 1.02 MeV Pair production 


Element Made from Nuclear Reaction.of Uranium 


Radon@2atae days) 


Aipha | «———_ 
x 


=| Polonium(@i8 33.0 minuteg, 


Uranium 238 (4500 million years) 


Thorium 234 (24.1 days) 


Alpha | <———_| 
+ 


Gamma [Lead@14327 minutes) 


Beta Gamma 


Protactinium 234 (1 minute) 


Bismuth 21420 minutes) 


Beta Gamma 
Bea | «——_}____+ | Gamma 
Uranium 234 (245000 years) Polonium 214 (160 microsecond) 
Alpha pea SEES Garrma Alpha —_ 


Thoriurn 230 (76 000 years) Lead @1D\22 years 


» Beta —S 
Alpha pl ay Gamma — 
Bisrmuth 210 (6 days) 
7 Radium 226 (1600 years) & [Gama] 
Beta —S Gamma 
Alpha ED Rae Gamma Polonium 210 (138 days) 
Radon 222 (3.8 days Atpha | «——__| 
+ 


Lead 206 (Stable) 
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INTERACTION OF NEUTRONS 
A Neutrons are more effective radiation than t 
charge as regard to penetration, 


Nuclear Physics 


both o and f rays because they bear no 


‘ When neutron is caj 
iptured by a nucleus, i i 
, it results in the f i 
Fs Neutron causes fission in heavy nuclei ene 
e Neutron can knock 
ck down electrons out of body cells causing instantaneous death. 


COMPARISON OF PENETRATION POWER OF VARIOUS RADIATIONS 


DAPAYS seeeesenveeseces: 

?-rays + — = 

rays sme ee ao 

X-rays — a | =— 
Neutrons — + + — on on oe -s 


BODY ALUMINIUM LEAD CONCRETE 
Radiation _Desci ion Effect of E or 
e B field 
Helium nucleus Slight 
Alpha (a) 2p +2n Intense, about 10*| Sefection as a 
O=+2e Thin paper _| 102 Pairs Per mm. | positive charge 
High speed | Less intense than | SU0n8. : 
Beta (6) _| electron Few mm in} a7 about 10? iom)Ccngeite 
sR, Pe Pt direction to E. 
Very short ia 4 at Weak interaction 
Gamma (y) | wavelength Em) couple of m| about 1 ion pair | No effect 
radiation in eotictete per mm. 
WILSON CLOUD CHAMBER 
. C.T.R Wilson in 1911 invented Wilson cloud chamber. 
* Wilson cloud chamber is based upon the following principle: - ; aa 
fer to condense on: ions or dust particles similar to 


“Super saturated droplets pre’ 
formation of clouds.” 
Construction . 
It consists of a circular base metal plate wi 
metal plate with a black felt pad. A Perspe: 
with the source on its top. 


th hole in the center. Above it, is another 
x or glass dome fits over the two plates 
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Procedure 


Due to adiabatic expansion, the super-saturated droplets are produced, When 
nuclear radiation enters, it produces ionization and water vapours condense on 
such ions. They reflect light to make the path of ionizing particles visible. A high. 


speed camera photographs the track of ionizing particle. 


Track of Ionizing Particle 


ENGINE) ‘Shapelof Track 
‘Solid and continuous 
Zigzag and discontinuous 

-particle No definite track 


oN eae 
Ms 3 
a-rays B-rays 4 y-rays 


By applying magnetic field, the a & particles deviate from its original path. 
By measuring radii of curvature, we can also measure e/m ratio of a. & f particles. 
Length of cloud tracks is proportional to energy 


GEIGER - MULLER. COUNTER 


Geiger and Muller invented.G.M.counter (Geiger - Muller counter). 


Construction 


‘Tan rrlea window 


Procedure 


(i) 
(ii) 


(iii) 


(iv) 


Radisloes 


G.M counter consists of a metal tube (cathode) containing inert gas (such as argon 
& alcohol or bromine and neon) at 0.1 atmospheric pressure. There is a thin wire 
(anode) co-axial with metallic tube. 


The Geiger Mueller counter is an 
electronic instrument used for 
4a detecting and measuring low level 
- A-particleand y-ray radiation. It 

= cannot detect @ ~ particles . It is also 
Mame Catade — Arnda known as a G-M Counter. 


When nuclear radiation enters, it produces ionization in halogen gas ions. * 
Positive ions move towards negative metallic plate while negative ions towards 
positive wire, 

Electrons released by nuclear radiation rush towards the positive wire knocking out 
electrons from atoms of gas in their way. In this way an avalanche of electrons 
reach the wire and hence current pulse is produced, 

The current pulse is detected across a resistance of 10°Q. 


Quenching of Discharge 


Positive ions on reaching the metal tube pull out electrons, These electrons. can 
excite the atoms, which on returning to ground state emit photons, which then 
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ejects photoelectro 
quenching. 
Quenching of disct i 
charge in G.M @ i 
a Manuallquenche ‘ ;M counter is attained i 
wy Mapua alnching owing ve ne lowing cn way 
mich ar Gis Tone 8 bromine gas into principe gas ( ). Then 
' a i pal gas (neon), ism i 
romtine is lower than neon, the ions of qaenchine hee rence 
E s reacl 


Nuclear Physics 


ms under ph 
Photoelectric effect, ‘To avoid photoelectrons, we do 


excess energy of. the quenchi 
molecules rather than in thee molecules is dissipated in dissociation of the 
* _ G.Mcounter can be used 
- te 
SOLID STATE DETECTOR) "4 rays effectively: 


¢ Solid State detector is most sensiti 
Construction st Sensitive detector capable of detecting three a, [3 & y-rays. 
Soli tate detect i: . 
prasshise ‘ector mainly consists of reverse biased diode. 
When radiation falls on tl i i 
sort of cotiditction path ee sods: it causes the release of electrons, creating some 
idintiges' : oltage caused due to flow of electrons is measured. 
(i) Compact size 
(ii) | Very fast detector 
(iii) | No need of quenching 
(iv). Portable 
{v) Can detected a, B and y-rays. 
(vi) Low energy utilization (requires 3eV — 4eV of energy 
NUCLEAR FISSION % 
Otto Hahn and his co-workers discovered nuclear fission accidentally when 
they were attempting to prepare transuranic elements. by bombarding 92U2°5 
with on} (slow).’ 
Transuranic elements are those elements that have atomic no. greater than that of 
uranium (the heaviest natural element) e.g. Np (Z=93), Pu (Z=94) etc. 
There are 30 different ways by which nucleus can undergo fission accompanied by 


2 to 5 neutrons (average is 2.5 neutrons). 
daughter or fission fragment, .not.by parent 


. Fission neutrons are ejected by 


nucleus. , 
° During fission, 99 percent neutrons are eject 
called prompt neutrons; the remaining 1% 
called delayed neutrons. ‘ 
< Unstable fission fragments, to become stable, eject delayed neutrons. 


Isotopes of Uranium 
Ore 


ted in extremely short time and are 
are emitted a litter latter. They are 


on 
9235 
2.48 x 10years 
a4 . F U> ‘of 
* For fission of 92U aot energy | MeV is required while for s2U 5, on! of energy 0.04 eV 
92" , 
is required. i as follows: - 
‘ ions for uranium are 

° Two common fission Sapa “3 ant + 200 MeV (Q) 


141436 
oiltgqJ295 ——> s6BaM 9 9 onl + 20 


2235 ——> 40 + 38 ; 
ener Oi ae reaction. 
where Q is called energy of nuclear 
292 
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TYPES OF FISSION ion : 
(i) Controlled fission chain reaction | oy ay the peutious. erated in one fg 
i i y neutron, + vi jon. is erlyi: AS 
Mae a eeer te cane of further hasion earl ving pring 
of nuclear reactor. 
(ii) Critical mass h one neutron, out of all the neutrons Produced; 
in 


Such a mass of uranium in whic sion is called critical mass. 


one fission reaction, produces farther fis 
Uncontrolled fission chain reac ideal mass, th 
If thevmase of uranium is much greater than eon fa produesdr eee Chain 
reaction proceeds at a rapid speed and a huge exp » Atom bom 


works at this principal . 
rolled fission in 1942, 


is Fermi carried out first cont . ; 
. Fission of 92U2%5 atom releases 10° times as much energy as 1S released by. «Cie atom 
in ordinary furnace. as 
1 kg of 92U235 contains => (1000 g/235)* 6.023% 1023 = 25.6 *. 1023 atoms 
We know that, 
= 200 MeV 


latom of 92235 gives 

* Lkg of 920235 

We know that, 

Time for one fission =105 sec 

“ Time for 60 fissions => 0.6ps 

Thus 5 x 1025 MeV energy is liberated in 0.6s when’ 1 kg of 92U295 undergoes 

complete fission. 
* _ ~ Plutonitim-239 and uranium-233 are’also being used as fuel, 


NUCLEAR REACTOR 
Fission chain reaction can be controlled in a device called nuclear reactor. 


° Nuclear Teactor works according to principle that the environment of nuclear reactor is 
controlled in such a way that only one slow:neutron takes part.in fission process ata 
e. 


gives => 5.12 x 10?6MeV ~ 


- CONTAINMENT 
STRUCTURE Steam Line 
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PARTS OF NUCLEAR REACTOR 


(i) Fuel rods: 93025 is used as fu 1 i i 
areas el. In this fuel the quantity of ;°U is increased from 


(ii) Control rods: Ba or Cad 
(iii) Moderator: to slow do: 


Heat exchanger: 
Oeste eet system: ie pred ie ae Produced for the sake of use. 
(vi) Core: consists of fuel, control rods aa mod 
(vii) Biological shield: to Prevent scattering of hanafal radiatis 
(viii) Breeding: Breeder nuclear reactor is that wren cite fuel by i 
(eit) Breet es prepare its fuel by itself. 


() Thermal reactor 
(ii) | Fast reactors 
Thermal Reactor 
. Neutrons must be slowed down to thermal i i 
4 e 
. In this reactor U235 is used as fuel. See pee ae 
Fast Reactors 
. Fast neutrons are used to strike 92U28 i i 
rons ar producing osNp289 and then 9sPu2, This t 
of reactor is liquid metal fast breeder reactor (LMFBR) ee eee 
LIQUID METAL FAST BREEDER REACTOR 
+ LMFBR produces plutoniym according to following scheme: ..6— (Sta) 
on! + 920238 ——> 91239 (unstable) 
(fast) (T1/2= 23.5 minutes) ty 255mm Ce) 
oaNp239 + 4B? a 
(Tij2 =2.4 days) a 235 cers Gm) = 
4PU29 + 8° ys 244 « 10% yer) 
(112 =/24400 years) : 
RMAL REACTOR AND LMFBR 
.CTOR LMFBR 
No moderator 
Na is coolant 
Requires maintenance after 15 days 
Uses 02U238 as fuel 


DIFFERENCES BETWEEN T! 

CONVENTIONAL 
Moderator 

Coolant is ordinary water or gas 

Run continuously 

Uses 92U235 as fuel 


NUCLEAR REACTIONS & NUCLEAR FUSION IN THE SUN 


. Fusion reaction is production of heavy nucleus by nuclear reaction of light nuclei 


There are two types of reactions 
(i) D-D Reaction 


H+ H—>1 He +24MeV 

tHe H > H+) H+4.0MeV 

2 4? H >) He + n+3.3MeV 
(i) D-T Reactions 


hve il 
3 4h n¢17.6MeV 
2 H+) H—» He+o" ‘ 
* _ Rusion is more energetic than fission. 
294 
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FUSION 


Nuclear Reaction in the Sun facfastons 
The source of energy in the sun is nuclear fusio ; ; 
The temperature of its core is about 20 million degrees Celsius and its surface 


temperature is about 6000 degrees Celsius. Its energy is due to fusion reaction 
called p-p reaction. 
Proton-Proton cycle 
1H! + jH? ———> ,H? + nB°+ v 
1H? + |H! ———> 2Hes + y 
2He? + He! ———> He’ + 4,B°+ v 
. Stars like sun maintain their shape and pressure due to radiation pressure. 
COMPARISON OF ISOTOPES, ISOBARS & ISOTONES 


ISOTOPES. ISOTONES 
Same May or may not be the same 
Mass Number | Different May or may not be the same 
No. of Neutrons | Different | May or may not be the same Always same 
RADIATION EXPOSURE 2 . 
. Radiations can damage living tissues. The degree of damage and kind of damage 


depend on type, energy and dose of radiation. Incident radiations ionize the body cell, 
and then change biochemistry of the cell. A damaged cell may die or begins to work 
in wrong way e.g. sometimes radiation changes the chemistry of cells in suth a way 
hat they begin to reproduce rapidly leading to a condition called cancer. . 


. Damage to ozone layer is done through following sources: - 
(i) Chemical industry 
(ii) Nuclear tests . 


(iii) | CFC (chlorofluorocarbons) 

(iv) Aerosol sprays and plastic foam industry ‘ 

. Some radiation in the environment is added by human activates like diagnostic x- 
ray, nuclear facilities, hospitals, research and industrial establishments, colour 
television, luminous watches and tobacco leaves, , 

EFFECTS OF RADIATIONS 
Effects of radiations are of two types: 

(i) ‘Somatic effect: 

These are direct effects on body e, . Skin it iffeni 
of lungs, drop in white blood els ead pera is ace HSE aEh Seaine 
These effects can be cured if the dose is small : 


ERE Se re 
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(i) Genetic effects: 


emi 
different syndromes ete,” ‘° Benes and cause mutation eg eancer 
These effects are incurable and pass on to f ‘ 
(iii) Biological Effects 0 future generation, 


(BSORBED DOSE 


mass m of the absorbing body. 


Its SI unit is gray (Gy). 


An old unit is rad, an acronym for oy, 


r radiation absorbed dose. 


2 = 
Equal doses of different radiationg 4, OLY 


sino dependa.on'the eh ene baa do not produce same biological effect. The effect 


Ly absorbing the radiation. 
For the same absorbed dose, « -parti 20 times more damaging than X. ay 
* » &-particles are 20 ti ging ry’ 
Neutrons are Partic ularly re ies more 2 “Trays 


\VALENT DOSE damaging to eyes than other parts of the body. 


It is defined as the 
effectiveness) 
1 Sv = 1 Gy x RBE (SI Unit) 
Old Unit 
lrem = 0.01 Sv 
UNIT OF RADIOACTIVITY 
. Becquerel (Bq) 
1 Bq = one disintegration per second 


. 
EQUI’ 
Product of absorbed dose and RBE (relative biological 


* Curie (Ci) 
1 Ci=3.7x1010 Bq 
USES OF RADIATIONS 


. C-14 is one of useful tracer that can help in the understanding of photosynthesis. 

. 1-131 and Na-24 are used to check cracks in pipes. 

. Radiation therapy is a process of destruction of cancerous cells deep into body. e.g. 
Co-60 & I-131 are used to treat cancers. ~ . 

. Tumors are treated by y-rays. 

e Radio processes in space give information about structure of stars. 

* When ethylene is radiated with y-rays, it is polymerized into polyethylene, which is 
used to produce soft and flexible products. ; 

‘ Sterilization is a process of killing of germs bas atts oeyrteys: 

i Radiation treatment can preserve food and other eatables. ; , 

| ing or measuring the thickness of high density and 

eee are ase ior eee Pheel. Al & rubber. In such gauges, Co-60 is used as y- 


Tays source. ; , ; 
B-gauges are used for preparing or measuring the islekmese of re sects of low 
Radiography is employed to check cra‘ 
weldi hhinery. : ; ; 
Ratios en ee mh in dead matter is a measure of time span since death. 
B particle is used for superficial skin therapy. 

‘a ‘cin therapy, 


Particle is used for deep F 296 
AUS ENTRY TEST SERIES 


www.educatedzone.com 


Chapter-21 Nuclear Physics 
Activation analysis (y-ray energy measurement) is applied to determine concentration of 
elements in a given sample and to estimate corrosion ‘and wear. of machinery. . 
Technetium - 99 has given rise to positron emission tomography. 

e The ratio of 62Pb2% — 92U294 is used to determine age of rocks. 


INTERESTING CONSIDERATIONS 

* The age of pyramids is 4500 years. 

By Ar-40, we can measure dates as back as one million years ago. 

Amino acids have been discovered on meteorites. 

To destroy a tumor, we place small pellets of radionuclide near it e.g: radon seed 
(radon in miniature gold capsule). After destruction of tumor, we remove them. 


° Different radioisotopes accumulate in specific parts of body e.g. 
Radioisotopes Site of Accumulation 
Todine Thyroid gland 


Cobalt Liver 
Phosphorus & Calcium Bones ~ : 


RADIOGRAPHY 
* _ y-rays radiographs are used in medical diagnosis 
Cracks and cavities in castings or pipes are detected by y ray scanning. 


. 

* The gamma camera is ‘used to detect y radiations from sites in the body where a 7 - 
emitting isotope is located. 

BASIC FORCES OF NATURE 


There are now four basic forces in nature. 
(i) Gravitational force (long range) 
(ii) Electromagnetic force (long range) 
(iii) Strong nuclear force (short range, 10:15m)/attfactive. «>» 
(iv) Bib haw force ( short range, 10-!7m) repulsive 
, the physics noble prize was conferred on Gl i 
for the unification. of electromagnetic and weak BN yrs ‘S 


Salam 
FUNDAMENTAL FORCES 


y Strength 
Range (m) 
Strong O@rz ine. " 
togaher 10 
ps 
es 
foe Rango (m) 


Electro-~®@ @» °' 
magnetic @-~@ 7 i Infinite 


py Suength Range (m) 
Weak ‘>, ae 
BOB wt 
rau nteracdon “aap 


Induoes beta decay 


. Strength 
Te Range (m) 
Gravity @-@ ace 
Infinite 
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subatomic particles are divided int 
0 three grou 
ps 
Photons 
Leptons (electron, muons and neutrinos) 
Hadrons 


There are two types of hadrons 


ns (the particle i 
Baryons (the pi icles equal in mass or reater than protons are called baryons e.g. 


protons and neutrons) 

Mesonss (the particles lighter than proton €.g. 7 mesons) 

A pair of quark and anti-quark makes a meson and 3 quarks make a baryon. 
Elementary particles are the basic building blocks, 

All photons and Leptons are elementary particles. 

Hadrons are not elementary particles. 

Hadrons are composed of elementary particles called quarks. 


Matter belongs to either lepton group or quark groups. 


~— _ 


(1) Curie is the unit of 
(a)half life 
lc) Padioactivity 


(2) The radioactive element has the half life of 1600 years, after 6400 years what ai 


will remain undecay 
(a)I/16 
(o)W/2 


(b) intensity 
(d)none of th 


mount 


(b) 1/8 
SO 


@) — The binding energy per nucleon is maximum for 
% 


Ma)2oFe™ 


(c)s6Ba""! 


(b)nU 
(@2He! 


(® In typical nuclear fission reaction the energy released is approx: 


\QSMeV. 


(b)931MeV 
(d)931eV 


( ROOM \ : 
&) ich of the following undergo fission reaction easily by slow moving neutrons 


eau 
(c)U-238,, Rn-232 


(© Neutron and proton are commonly known as 


sfajnucleon 


(c)boson 


(b)Pu-239 , Th-234 


UdyTh-234 , U-238 


(b)meson 
(d)quartz 


(7) Half life of radium is 1590 years..In how many years shall the earth loss all its radium 


due to radioactive decay? 
(a)1590x10° years 
(©)1590x10™ years 


(b)1590x10"? years 
(djnever 


(8) Which one of the following radiation possesses maximum penetrating power? 


Alaja-rays 
(c)y-rays 
@ Radioactivity is a 
(J Spontaneous activity 
(II) Self disintegration’ property 


(b)B-rays 
(d)all have equal penetrating power 


(ID) Chemical property 


Which of above statements is/are correct? 


(a) L& Il 
MW & 1 


@) Quenching gas used in G.M counter is 


uajbromine 


(c)neon 


(b) I & HT 
(d) 1, 1 & Il 


(b)helium 
(d)all of these 


Transuranic elements have atomic number 


(a)greater than 72 
feygreater than 92 
@) Nuclear forces exist between 
(a)proton-proton 
(c)neutron-neutron 
(13) | Mass-defect per nucleon is 
binding energy of nucleus 
(c) average energy of nucleus 
(14) | Tick the correct statement 
moderators slow down the neutrons 
(c)moderators absorb the neutrons 


(b)greater than 82 
(d)greater than 102 


nthe or 
all of the above 


(b) packing fraction 
(d) all of above 


(b)moderators bring the neutrons to rest 
(d)moderators reflect the neutrons 
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(8) The bombardment of nitrogen with a-particles will produce 
(a)neutron {oproton), 
\ electron (Wpositron 
Diameter of an atom is approximately. 
(@10Pm (b)L0""m 
yoto'm vaio" 
1 er of the following isotopes is normally fissionable? 
on U. (b) 2” Np 
(Oe u (d)} He 
(18)~ Fission chain reaction in a nuclear reactor can be controlled by introducing 
(a)iron rods (b)graphite rods 
Ye)Gadmium rods (@)platinum rods 
((} Which one of the following radiations possesses maximum velocity? » h 
(a)a-rays 'b)B-rays a 
porse : a Fe Eases have baie speed my 
(20) jarge on neutron is < we con 
(a+ 1.6x 10°C \Lesyzero y Aj val: 
(©16x.10'".c (d)no definite charge re nm 
(21) Mass of neutromis 
(a)1.67 x 10°! kg <(by1067 x 107” kg 
(©)9.1 x 10°! kg (d)1:67 2010" ke 
@p Nuclei having the same mass number but different atomic number are: 
(a)Isotopes \byisobars 
(c)Isotones (d)lsomers 


(23) A mass spectrograph (spectrometer) sorts out 


(a)molecules (b)atoms 
(c)elements ~(Hisotopes 
¢ Sum of the masses of constituent nucleons as compared to the mass of the resultant 
nucleus is 
(a)smaller \(bygreater 
(c)same (d)some times smaller some times greater 


(25) An_a-particle is emitted from gsRa”*, What is the mass and atomic number of the 


daughter nucleus? 


Mass number atomic number 

(a) 224 86 

(b) 220 80 
e202 86 

(d) 226 87 


26) The unit of radioactivity ‘curie’ is equal to 
(a)3.74x 10° disintegration per sec 
(c)3.55 x 10'° disintegration per see 


x10" disintegration per sec 
(d)3.60 x 10!° disintegration per sec 
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@ In liquid metal fast breeder reactor, the type of m used is 
(a)sU>* B)y2U. 
(on™ yU2 
(28) Radioactive materials can be identified by measuring their 
(a) hardness ia He ae 
half life otal life ? 
2 MY caso more of the neutrons emitted during fission can be used to build up further 
fission then the reaction is self sustained and is known as__ 
(a)fission reaction (b)fusion reaction 
\{e)chain reaction (d)chemical reaction 
@) During an encounter with an atom, a-particle knocks out 
(a)protons ‘bjelectrons 
(c)neutrons (d)nothing 
(31) The path of B-particle is 
C-"  (a)rectilinear ‘U¢bjeurved 
(d)elliptical 


for the treatment of an infection in the 


Which of the following radiations are suitable 


interior of the body? 
(a)a-rays (b)B-rays 
Uovy-rays (@)X-rays 


Varjous types of cancer are treated by 


balt-60 Covve (b)strontium-90 
x 


(d)nickel-63 


(34) Charge on a-particles is 
-(a+l +2 
(c}2 (d)-1 
(35) B-particle ionizes an atom 
(a)through direct collision (b)through electrostatic attraction 


~{ojthrough electrostatic repulsion (d)all of above 
¢ T.V sets and microwave ovens emits 
Fell ayX-rays (b)a-rays 
(c)p-rays (d)y-rays 
Strontium-90 is used as 
\@)p-particle source (b)a-particle source 
(d)neutron source; 


(c)y-rays source 
(38) The penetration power of B-particle as compared to a-particle is 

(a)10 times more \(6)100 times more 

(c)100 times less (d)10 times less. 


(39) Geiger counter is suitable for 
(b)extremely fast counting 


(a)fast counting 
‘¢e)slow counting (d)all situations .- 
Aa-particle can produce fluorescence in 
(a)ZnS (b)barium platinocyanide 
(c)sodium iodide \¢djall of above - 
(41) CFCis used in 
(a)refrigeration (b)aerosol spray 


(c)plastic foam industry of above 
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(42) Average distance covered by a-particle in air before its ionizing power ceases, is called 
its 


(a)trajectory 
(o)firing level parila 
Which one of the following possesses greater penetration power? 
ere (b)B-rays 
q 1 
7 (a)Sr-90 (b)I-131 
(c)Ca-41 “d)C-14 
(45) -y-rays are electromagnetic waves like 
(alight waves - (b)heat waves 
(c)micro waves (d)x-rays ~ 
(46) Charge on B-particle is 
(atl Mol 
(c)+2 (d)-2 


(47) _ B-particles possess greater Penetration power than that of « particles due to its, 
<(a)Smaller ionization power 
(b)greater ionization power 
(c)neither greater nor smaller ionization power 
(d)same ionization power # 
(48)? Enriched uranium is better as a fuel for a nuclear reactor because it has greater 


proportion of 
@"U Oma 
(©™u () ®U. 
(49) The maximum’ safe limit dose for persons working -in. nuclear power. station. are 
(a)1 rem per week (b)5 rem per week 
(c)4 rem per week ‘(@)S Tem per week 
6 Radiations are used for the treatment of skin, ofa patient is 
(a)a-rays 4 rays 
(c)y-rays (d)X-rays 
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A rock is dropped off a cliff and strikes the ground with an impact velocity of 


(1) 
30 m/s. How high was the cliff? 


(a) 10m (b) 20 m 
(c) 145m (d) 45m 
(2) Which of the following is a dimensionless quantity? 
momentum (e) Yolume 
io ewer emer enc : 
acceleration area 
er unit volume ) force” 
pressure power ; ; 
(3) If earth shrinks to half the present radius the duration of day and night will be 
(a) 24 hours (b) 12 hours 
(c) 6 hours (d) 3 hours 
(4) Light roofs are blown of during wind storm. It is because of 
(a) less weight of roof (b) more height of roof 
(c) difference in pressure (d) all are correct 
(5) The maximum velocity of SHM is ao the period of oscillation is 
(a) 2xx0/a0 (b) 2na0/xo 
(c) 2nao x0 (a) 2x/20 Xo 2 
(6) In wave motion the least distance between two points which are out of phase is 
i (a)2. (b) 2/2 
{c} 32/2 ; (a) 4/4 " 
(7) A particle performing SHM when its displacement is 3 cm, its acceleration is 
12cm s2, It is vibrating with period Aries eae 
(a) 45,Sec (b)2mSec “125% 2> WEG 
% Sec (a) 4x Sec —> 
(8) In case of spectrometer circular scale, graduated in half degree, is attached 
with 
(a) collimator (b) telescope 
(c) turn table (d) cross wire of telescope 


(9) A satellite moving round the earth constituents 
(a) inertial frame (b) non inertial frame 
(c) neither inertial nor non inertial frame (d) both inertial and non inertial frame 

(10) Satellite is launched from earth into orbit. What happened to the mass of 


satellite and weight of satellite. 


Mass Weight 
A) Increases Increases 
B) Remain same Decreases 
C) Decreases Increases 
D) Increases decreases 


(11) A spherical body is moving through fluid (say water). If the temperature of fluid 
increases the terminal velocity of the fluid. 


(a) decreases (b) increases 
(c) does not change (d) increases or decreases depend upon the. 


(12) The width of the depletion region of a junction is reduced under forward bias because 
(a) mve Ciorge carriers are available 
(b) number of minority charge carriers are reduced 
(c) majority carriérs on béth sides of junction are driven towards it , 


(a) doping level is increased 
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(13) In a Young’s double Sample Paper 


(14) 


(15) 


(16) 


(17) 


(19) 


(20) 


(21) 


(22) 


slit e: : 
by 8 source of white light, *xperiment if the monochromatic sow 
fs Cone pinee. alternately white and ble 
ringe is white and other are woo 
(e) Central fringe is dark ann othe are coloured 
(a) Central frivse te 8 are coloured 


colou: e 
In a two input logic pate and all other are white 


irce is replaced 


botin i: 

would be inputs are at O and the output is 1 
th 

i NAND es P e gate 
(c) XNOR 
Einstein was awarded Nobel Pri (d) any of given gates in a, b andc 
(a) theory of relativity Paeereeoe i werk om ‘ 
(c) photoelectric effect (0) nuclear fission 


Saeed (d) all are correct 

seat wed te sees snare of part of a long string in which transverse waves are 
ing one end of the string to tuning fork of frequency 

aves? 


250Hz. What is the velocity of the w: 


(a) 25 ms"! bia (b) 15 ms* 

(c) 20 ms (a) 10 ms 

Four molecules have speeds, of 2 kms, 3 kms?, 4 kms? and 5 kims?, The rms 
speed of these molecules in kms" is 


54 


= : (b).3.5 


(a) 3¥3 


The atomic number and mass number of a nucleus is Z and A. there new value 
after emission of two alpha and two beta radiation is 


(a) Z-2,A-4 (b) Z-2,A-8 
(c) Z-4,A-4 (d) Z-4,A-8 cai 
The particle which are lighter than gee Lite le 
(a) photons Leen 


(c) hadrons 


What is the particle emitted during the reaction 


4°Betz4He—>6!C+? Uby‘neutron 
(a) proton. (d ) beta-particle sod 
{c) deuterium -sectional area 1 mm? is made of a material o! 


Awire of length 50 cm and cross: 


2 x 101° N/m?, How much work is done in stretching the wire 
x . 


Young’s modulus 

through 1mm? (b) 2 « 104J 
(a) 8 x 10132 (a) x 102d 
(c) 4 x 1073 for NAND operation is 
The ee notion for (c) X=A+B 
(a)X=A+ 


(b) X= A.B 
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(23) 


(24) 


(25) 


(26) 


(27) 


(28) 


(29) 


(30) 


Sample Paper 


If R is the range of projectile then its K.E be maximum after covering a 
horizontal distance 


R R 
(a) n (b) : 
(c) 3R/4 (d)R 
An alpha particle moves through potential difference 1 volt it may gain K.E equal to 
(a) Lev (b) 2eV 


(c) 3eV (a)4ev 

When charges become twice and their separation also become twice then 

coulomb’s force between them 

(a) remains same (b) become half 

(c) become double (d) become eight time 

With rise in temperature the resistance of semiconductor. 

(a) increases (b) decreases 

(c) remains same (d) becomes infinite 

When two resistances are connected in series they have 

(a) same resistance value (b) same voltage across them 

(c) only one current path (d) different resistance value 

What is the equivalent resistance between A and B in the figure given below 
ohm 


A 


eae 7%, Soh 


hn 
(a) Req = 5Q (c)Req =15Q 
(b) Req = 102 (d) Req= 20.2 
The current through the battery in the given circuit is 
ti way a 
Mt 
1 1 
—A = 
fa) 45 (e) 15 : 
1 1 
-—A eS 
(c) 7 (d) 3A 
The path difference between two identical sinusoidal waves is 1/6 their phase 
difference is 
{a) 300 . (b) 60° 
(c) 180° (a) 15° 
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SY ONOGSonH 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


SCBIAGEHNE 
au) || loro |a.e.|e |e 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


a = 306 
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Answer Key 


CHAPTER-16 


© NOON OVO A Gy ee SO OVO oS cH pl 


SYOBIMH AOD Ee 


1 
2 
8 
4 
5 
6 
7 
8 
9 
10 


ols 


Belo lels ale 


0 Jel elo) p la lole la 


® [0 [o/o/aJolalalolo 


Bloor) lalolo|clalp 


ale lolalolelolelslo 
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CHAPTER!20 


b 


ale| 


OVONIA ARAN rE 


Jo |2 |e lo lole 


OU OI Ad AWN Ee 


1 
2 
3 
4 
5 
6 
tf 
8 
9, 
10 
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